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:*"35$4:3,%( %-&:,#3-%&, $ -&%3/("& %35 .3<& .3"(:(-&)$ -&;7(9(%* ,1*"* 
#3.*7e *+,%-*"(%*%& #-e"& /&>:o,%( (:#-. /&>&: .*3, "&6* /&>&:, :*/&>&: .*3 ( 
.*3 +3)( :* ,"*%&). P3-(,%*4( 3/* ,1*"*, $ <-3):(" -&%3/("& )* :&>&73,% 
>-%/3/&:3 ":353 "/&>:(1" .*73/& *+,%-*"(%*%& (18, 19). F32%3 ,* 3/&+&/ #-(7&; 
-&6*:('&"& #3+&;&3 +&3 :*$,#*2&:, ;&1/&0$)$4( ,%&/3/("& ( (,+$,%/$ 9$/*:35 
1(-$-5& P(-,1:*-& $/*.*:3 )* $ #-&+,$ +&3 /3):& .3+%-(:&, .& ,* $ :(/3$ <3-<*:* 
7(:()* 2%3 "&6* 3#*-(2* ( %3 $57&/:3" "&6( 3#*-&%(/:( ;&1/&%( +3)("& ,* 
,#&2&/& >(/3% -&6*:(+& ( 3"35$4&/& %-&:,#3-% .3 #-(1/&%:(1 '*:%&-& $ 
#3;&.(:(, .&7*+3 3. <3-<*:(1 7(:()&, 5.* ,* "3573 $ "(-$ ( #3. <30(" ( 
+&.-3/,+(" ( %*1:(9+(" $,73/("& (;/3.(%( ( ,73>*:()( 3#*-&%(/:( ;&1/&%( (19, 
20). 
H/3C*6*" ,&/-*"*:* &:*,%*;()* 3"35$4*:3 )* .& ,* "35$ (;/3.(%( ( %&+3 
,73>*:( 3#*-&%(/:( ;&1/&%( +3)( %-&)$ ( #3 :*+37(+3 9&,3/&. L30* #3;:&/&6* 
&:%(+3&5$7&'(3:(1 D&+%3-& ( :3/& ,&;:&6& :& #30$ %-&:,D$;()* +-/(, +&3 ( *-& 
&:%(<(3%(+& ( &:&75*%(+& ,$ :&573 .3/*7( .3 *+,#&:;(/:35 -&;/3)& <-3):(1 
1(-$2+(1 .(,'(#7(:&, #& %("* ( &"#$%&'(3:* 1(-$-5()* (20). 
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B*C$%(", ,& >&0*6*" ,* "3>* +3:,%&%3/&%( .& ,* ( .&:&, D(;()&%-( $ 
,/3)3) ,/&+3.:*/:3) #-&+,( ,/* /(2* ,-*4$ ,& :*&.*+/&%:(" &"#$%&'(3:(" 
#&%-0'("& ;<35 %*1:(9+( 732* 3.-&C*:* 3#*-&%(/:* #-3'*.$-*. K&;735* %-*<& 
%-&>(%( (,+0$9(/3 $ ,$<)*+%(/:3" #-(7&;$ ( 3.:3,$ 1(-$-5& #-*"& 3/3" 
1(-$2+3" #3,%$#+$. ?&("*, &"#$%&'()& <(73 +35 .*7& *+,%-*"(%*%& :& ,#&.& $ 
&%-&+%(/:$ 1(-$-5()$ ;<35 9*5& )* :*-&.3 -&.* <-3):( 1(-$-;(, & #353%3/3 3:( 
(,+$,:(. @; %(1 -&;735&, 3/* (:%*-/*:'()* -&.* "7&C( 1(-$-;( ,& :*.3/30:3 
;:&6& ( (,+$,%/&, $57&/:3" "-$%(:,+(", :* /3.*4( ":353 -&9$:& 3 
D$:+'(3:&7:3" ,%&%$,$ &"#$%&'(3:35 #&%-0+& 2%3 4* ( ;& D(;()&%-& +3)( -&.( 
:& #-3%*%(,&6$ ( ;& ,&"35 <37*,:(+& #-*.,%&/0&%( 3;<(0&: #-3<7*", "3>.& 9&+ 
( '*735 >(/3%:35 /*+&. 
H ":35("  1(-$-2+(" $,%&:3/&"& #-("*6$)$ ,* -&;7(9(%* 3#*-&%(/:* 
%*1:(+* +3. -&;7(9(%(1 :(/3& &"#$%&'()* *+,%-*"(%*%&. Q(13/3 3#(,(/&6* 
(;7&;( (;/&: 3+/(-& 3/35 -&.&. B*C$%(", ;&)*.:(9+( ("*:(%*0 +3. ,/(1 )*, .& 
#&%-0&+ <$.* 2%3 D$:+'(3:&7:()( ( 2%3 #3 /30:()( ;& #-3%*%(,&6*. 
R$:+'(3:&7&: )* 3:&) &"#$%&'(3:( #&%-0&+ +3. +35& )* +32%&:( .*3 #3+-(/*: 
"*+3%+(/:(" #3+-(/&9*", #-/*:,%/*:3 "(2(4("& ( +3>3" +3)& :* ,"* <(%( 
32%*4*:&. J/( ,* $57&/:3" ,7&>$ .& %-*<& 3%#39*%( -&:$ -*1&<(7(%&'()$ 7&5&:(" 
/*><&"& +&+3 <( ,* 3,7&<0*"& "$,+$7&%$-& ;<35 (:&+%(/:3,%( 2%3 #-* $9(:(7& 
D$:+'(3:&7:3", ;573<3/( -&;5(<&7(, &.&#%(-&3 '*:%&- $ +(9"*:3) "3>.(:( ( 
"3;5$ :& :3/$ +33-.(:&'()$ "(2(4& ( .3;(-&7& ,:&5& (20). 
1.1.3. *6A5B97583 C9 9:;<=9758< 
F&%3732+& ,%&6& +3)& "35$ .& <$.$ -&;735 &"#$%&'()* :& -&;7(9(%(" 
:(/3("& *+,%-*"(%*%& ,$ <-3):& (21). E.7$+& .& ,* :*+3"* &"#$%(-& *+,%-*"(%*% 
:()* 7&+&, &7( :(+&.& :* ,"* .& ,* $ (:.(+3/&:(" ,7$9&)*/("& .3:3,( +&,:3, )*- $ 
#-3%(/:3" %3 "3>* .& $5-3;( >(/3% 3<37*73". 
?&)9*24* (:.(+&'()* ,$ ,7e.e4e: 
- %-&$"& (22), 
- 32%*4*6& (;&;/&:& (,1*"()3" *+,%-*"(%*%& (23), 
- ,*#,& (;&;/&:& 73+&7:3" (:D*+'()3" (23), 
- %$"3-( -&;7(9(%* 5*:*;* (24), 
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- $-3C*:* &:3"&7()* (25). 
B&,(/:& 32%*4*6& :(,$ ,#3-:& :(%( .(,+$%&<(7:& +&.& )* -*9 3 
.3:32*6$ 3.7$+* 3 &"#$%&'()(. B*C$%(", ( 32%*4*6& "&6*5 ,%*#*:& $+37(+3 :* 
#3+&;$)$ %*:.*:'()$ ;&-&,%&6&, & $5-3>&/&)$ <37*,:(+& ;<35 :*"35$4:3,%( 
3#3-&/+& ( -*1&<(7(%&'()*, "35$ #-*.,%&/0&%( $ 3.-*C*:(" ,7$9&)*/("& 
(:.(+&'()$ ;& &"#$%&'()$ 3<37*735 .*7& *+,%-*"(%*%&. ?*$+-3%(/ <37, (;&;/&: 
1-3:(9:3" (,1*"()3", <(73 +3)* 5*:*;* )* %&+3C* (:.(+&'()& ;& &"#$%&'()$ (21-
23). K*,3-#'()& %3+,(9:(1 #-3.$+&%& +3)( :&,%&)$ -&;5-&.63" "*+(1 %+(/& "35$ $ 
;:&%:3) "*-( 3,7&<(%( <$<-*>:$ D$:+'()$ +&3 ( D$:+'()$ .-$5(1 
#&-*:1("&%3;:(1 3-5&:& 2%3 "3>* 3;<(0:3 .3/*,%( $ #(%&6* >(/3% 3<37*735. 
K&;/3) (:D*+'()*, +3)& ,* <-;3 2(-( :&-39(%3 $ -(;(9:(1 <37*,:(+& +&3 2%3 ,$ 
.()&<*%(9&-( :* ,"* .& 3.7&>* 3.7$+$ 3 <7&53/-*"*:3) &"#$%&'()( (23). 
B&7(5:( %$"3-( (7( $-3C*:* &:3"&7()* +&3 2%3 ,$ $-3C*:* 
&-%*-(3/*:,+* D(,%$7*, ,$ :& ,-*4$ -*%+(, )*- ,* -*%+3 73+&7(;)$ :& 
*+,%-*"(%*%("&. ?&)9*24* ,$ %3 ,&-+3"(, -*%(+$73 ( 3,%*3,&-+3"(, S/(:53/ 
,&-+3" ( -*%(+$73,&-+3" (24). 
B*C$ #3"*:$%(" -&;73;("& ;& &"#$%&'()$ ,/&+&+3 )* :&)$9*,%&7()& 
(,1*"()& (;&;/&:& /&,+$7&-:3" (:,$D('()*:'()3". B*C$ $;-3'("& &+$%:* 
(,1*"()* ,$: *"<37()& ( %-3"<3;& "&5(,%-&7:(1 &-%*-()& :& *+,%-*"(%*%*%("& +&3 
( 7(5(-&6* 57&/:(1 +-/:(1 &-%*-(),+(1 ,$.3/& (23). =-3:(9:& 3+7$;(/:& 
&-%*-(),+& 3<30*6& (;&;/&:& &-%*-(3,+7*-3;3" (7( L(-5e-3/& <37*,%, ,$ %&+34* 
9*,% $;-3+ &"#$%&'()* ;<35 :*$+-3%(/* (,1*"()* (26). @,%3 %&+3 (,1*"()& +3)& ,* 
)&/0& #3,7* :*$,#*7(1 &-%*-(),+(1 -*+3:,%-$+'()& #-*.,%&/0& #-&/$ (:.(+&'()$ 
;& &"#$%&'()$ ,& +3)3" ,* %&+3C* :* ,"* .$53 9*+&%(. K$#%$-* /*4(1 &-%*-(),+(1 
&:*$-(;"(, +3)( ,* :& /-*"* :* -*+3:,%-$(2$ .3/3.* .3 (,1*"()* +3)& ;&1%*/& 
&"#$%&'()$ (27). 
@&+3 ,* /*:,+& (:,$D('()*:'()& (;-&;(%3 -*%+3 #3"(6* +&3 (:.(+&'()& 
;& &"#$%&'()$, (#&+ +3. "&,(/:* 3+7$;()* .$<3+(1 /*:& (;&;/&:(1 %-3"<3;3" 
"3>* :&,%&%( 32%-& (,1*"()& +3)& ;&1%*/& &"#$%&'()$ (28).  
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1.1.4. *CD?@ 65E?9 9:;<=975?63 F56583 
B(20*6& 3+3 :(/3& &"#$%&'(3:* 7(:()* ,$ )32 $/*+ #3.*0*:& #353%3/3 
$ (:,%(%$'()&"& +3)* :*"&)$ .3<-$ .()&5:3,%(+$ ( (,+$,&: %(" 1(-$-5& +3)( 
(;/3.* 3/* (:%*-/*:'()*. M32 $/*+ +3. #3)*.(:(1 1(-$-5& /&>( ,1/&%&6* .& :(/3 
&"#$%&'()* %-*<& .& <$.* :& ,-*.(:( :&%+37*:('* <*; 3<;(-& +37(+3 ,$ 
(,1*"(),+* #-3"*:* "&,(/:* (29). B*C$%(", .&:&, )* 3. /*4(:* #-(1/&4*: ,%&/ .& 
,7*.*4( #&-&"*%-( 3.-*C$)$ :(/3 &"#$%&'(3:* 7(:()* (30): 
1. :(/3 3+7$;()* 57&/:* &-%*-()*,
2. *+,%*:;()& (,1*"(),+(1 32%*4*6& ( <-;(:a ,& +3)3" ,* 2(-*,
3. #-(,$%/3 (:D*+'()e, 3.:3,:3 ,$/e (7( /7&>:e 5&:5-e:e,
4. o#2%* ,%&6* <37*,:(+&.
F-* ,/&+* 3.7$+* 3 &"#$%&'()( ,*" +7(:(9+35 #-*57*.& :*3#13.:3 )*, $ 
$,%&:3/&"& 5.* )* %3 "35$4*, $9(:(%( ( *13,3:35-&D,+( #-*57*. &-%*-()& 3<37*735 
*+,%-*"(%*%& +&3 ( &:5(35-&D()$ ( :& 3,:3/$ %35& $%/-.(%( :(/3 &"#$%&'(3:* 
7(:()*. 
H+37(+3 )* 3+7$.(-&:& #3/-2:& <$%:& &-%*-()& $ .363) %-*4(:(, 
:*3#13.:3 )* &"#$%(-&%( :35$ :& :(/3$ 53-6* ( ,-*.6* %-*4(:* :&%+37*:('*. 
E+7$;()& #3#7(%*&7:* &-%*-()* .3 ,&"* -&9/* .3;/30&/& &"#$%&'()$ :*#3,-*.:3 
(;:&. 7(:()* +37*:35 ;573<&. E+7$;()& -&9/* #3#7(%*&7:* &-%*-()* ,& #39*%:(" 
.*73/("& %(<()&7:(1 &-%*-()& 3#-*.*0$)* &"#$%&'(3:$ 7(:()$ :& :(/3$ ,-*.6* ( 
53-6* %-*4(:* #3.+37*:('*, .3+ 3+7$;()& .(,%&7:(1 %(<()&7:(1 &-%*-()& ;&1%*/& 
&"#$%&'()$ :& :(/3$ ,%3#&7& (31). 
F-(#-*"& ;& &"#$%&'()$ 3<$1/&%& #-*3#*-&%(/:$ */&7$&'()$ ( 
+3:,$7%3/&6* ,& D(;()&%-3" 3 &"#$%&'()(, :(/3$ &"#$%&'()* ( (,13.$. P&.& 
&"#$%&'()& :()* $-5*:%:&, /*3"& )* /&>:& D(;(9+& ( #,(13732+& #-(#-*"& 
#&'()*:%& ( #3-3.('*. 8&+7*, %(",+( "$7%(.(,'(#7(:&%:( #-(,%$# (D(;()&%&-, 
1(-$-5, 3-%3#*., #,(13735, #,(1()&%&-, .*D*+%3735, ,3'()&7:( -&.:(+, 
#-3%*%(9&-, D(;(3%*-&#*$%, "*.('(:,+& ,*,%-&, (:%*-:(,%&) )* :*#13.&: $ 
*/&7$&'()( 3,3<& ,& &"#$%&'()3" (32).  
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E/&) #-3'*, ,* 3./()& +-3; ,7*.*4* "*.('(:,+* ( -*1&<(7(%&'(3:* 
#3,%$#+* (32): 
1. 7*+&-( 9(:* "&+,("&7:* :&#3-* .& ,&9$/&)$ $5-3>*:( *+,%-*"(%*%, &7(
&+3 %3 :()* "35$4*, #3%-*<:3 )* :&#-&/(%( #7&: &"#$%&'()* +3)( <(
3<*;<*.(3 3#%("&7:$ .$>(:$ &"#$%&'(3:35 #&%-0+&, 3<7(+ ( D$:+'()$
+32%&:35 ( "*+(1 %+(/& $; "35$4:3,% .3<-35 ;&-&,%&6&, & ,& '(0*" .&
,* 3"35$4( 2%3 <30& D$:+'()& ,& #-3%*;3",
2. 3.->&/&6* 3<("& #3+-*%0(/3,%( ;573<3/& ( 5-$<* "3%3-:* ,:&5*
"(2(4& &"#$%&'(3:35 #&%-0+&, &7( ( ,*5"*:&%& /&7(.:35
*+,%-*"(%*%&; 3#2%* +3:.('(3:* ( /*><* .(,&6&,
3. 39$/&6* 3#2%*5 ;.-&/0& ( ,%&6& /&7(.:(1 *+,%-*"(%*%&, &.*+/&%&:
%-*%"&: .-$5(1 +3"#7(+&'()& ( #-&%*4(1 <37*,%(,
4. (;<3-, (;-&.& ( &#7(+&'()& #-3%*%(9+35 #3"&5&7& +&3 ( #3%-*<:*
+3-*+'()* +-3; D&;:* #-3<*.
1.1.5. 25E?5 9:;<=97589 
P7&,(9:( :(/3( &"#$%&'()& ,$ ,&"3 /3.(9 ;& 3.-*C(/&6* :&)#3/30:()*5 
"*,%& :& *+,%-*"(%*%$ ;& 3#*-&'()$. ?(/3 &"#$%&'()* 3.-*C*: )* "*,%3" #-*,*+& 
+3,%(, & .3<()*: ,*5"*:% %-*<& .& ;&.3/30( D$:+'(3:&7:* ;&1%*/* ( D(;(9+* 
+&-&+%*-(,%(+* #3%-*<:* ;& &#7(+3/&6* #-3%*;*. O&1/&0$)$4( :3/(" 
"(+-3/&,+$7&-:(" %*1:(+&"& ;:&%:3 )* #3/*4&:& "35$4:3,% 39$/&6& -*;(.$&7:35 
*+,%-*"(%*%& ( :& :(/3("& +3)( ,$ -&:()* <(7( #-3<7*"&%(9:( (33). 8&+7*, '(0 )* 
,&9$/&%( 3#%("&7:$ .$>(:$ &"#$%&'(3:31 #&%-0+& +&+3 <( ,* #-35-&" 
#-3%*%(9+* -*1&<(7(%&'()* "35&3 .& ,#-3/3.( :& 3#%("&7&: :&9(:. 
1.1.5.1. %:;<=97589 49F96G5 5 ;@>=58< 
!"#$%&'()& D&7&:5( (7( #-,%()$ )* (:.(+3/&:& )*.(:3 &+3 )* 3<*;<*C*:& 
.3<-& '(-+$7&'()&. E:& "3>* <(%( :*3#13.:& #3,7* $,#*2:35 /&,+$7&-:35 
-*+3:,%-$+%(/:35 ;&1/&%& (7( ,("#&%*+%3"()*, &7( )* :&)9*24& #3,7* %-&$"*. 
B35$ <(%( &"#$%(-&:( )*.&:, /(2* (7( ,/( #-,%(, & &+3 ,* #-( %3" $+73:( ( 
3.53/&-&)$4& "*%&%&-;&7:& +3,%, %&+/& 3#*-&'()& ,* :&;(/& ";-&+&,%& &"#$%&'()&" 
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(34). ?&)/*4( .*D('(% $ ,%&<(7:3,%(, <(3"*1&:('( ( #3+-*%0(/3,%( ,* ,-*4* 
#-(7(+3" &"#$%&'()* #&7'&. G*>(:& %*7& ,* %&.& #-*:3,( :& 7&%*-&7:$ (/('$ 
,%3#&7&. T7&/& #-/* "*%&%&-;&7:* +3,%( ,* "3-& .3<-3 ;&2%(%( 3. #-(%(,+& ( 
%3-;()*. O<35 #3/*4&:35 3#%*-*4*6&, "35$4* ,$ #3/-*.* IV ( V #-,%&, 2%3 $ 
+3"<(:&'()( ,& (:,$D('()*:%:3" '(-+$7&'()3" "3>* .3/*,%( .3 -*&"#$%&'()*. 
L(3"*1&:(9+( )* :&)#3/30:()& &"#$%&'()& :*+35 3. ,-*.6(1 #-,%()$ (34). 
!"#$%&'()& D&7&:5(, #-,%()$ (7( ;-&+&,%& &"#$%&'()& ,* ;<-(6&/&)$ +-3; 
3-%3#*.,+$ '(#*7$. E:& "3-& .& <$.* 9/-,%&, .*<0& ( .$<3+& .& <( ,* 3<*;<*.(73 
"*,%3 ;& %&+3;/&:( "D(7*-". Q("* ,* #3#$6&/& #-&;:(:& $ '(#*7( ( :&)9*24* ,* 
#-&/( 3. D(7'&, ,(7(+3:&, #*:&,%* 5$"* (7( :*+35 3. :3/(1 #7&,%(9:(1 
"&%*-()&7& (35). 
1.1.5.2. '9@7589F69 9:;<=97589 >=?;9F9 
1.1.5.2.1. !"#$%&'(#(#")#*$# #&+,(#-./# 
G3 )* &"#$%&'()& :*#3,-*.:3 #-3+,("&7:3 3. 57&/('& "*%&%&-;&7:(1 
+3,%()$. E>(0&+ )* ,"*2%*: .3-;&7:3, & /-1 #&%-0+& <( %-*<&73 .& <$.* .3<-3 
;&2%(4*: ,73)*" "*+35 %+(/&. F-(7(+3" 3,73:'& #-*3,%&7( .*3 ,%3#&7& ("& 
%*:.*:'()$ .& ,* "-&,#7(:*" $ ,%-&:$. O<-(6&/& ,* '(#*73" ,& "D(7*-3"" ( 
%&+3;/&:(" "-37*-3"". "K37*-" )* ;&3<0*:3 (,#$#9*6* $ C3:$, $ :(/3$ 57&/('& 
"*%&%&-;&7:(1 +3,%()$, +3)* #3"&>* #-(7(+3" #-*<&'(/&6& #-*+3 #-*.6*5 .*7& 
,%3#&7& (36) . 
1.1.5.2.2. !"#$%(#")0&'(#(#")#*$# #&+,(#-./#  -   Lisfranc 
G3 )* &"#$%&'()& +-3; N(,D-&:+-3/ 1(-$-2+( ;573<: (;"*C$ %&-;$,& ( 
"*%&%&-;$,&. G&+3 .3<()*: #&%-0&+ ("& %*:.*:'()$ .& ;&$;"* *+/(:3/&-$, 
#373>&), ;<35 #-*/&5* ". %-('*#,& ( ". %(<(&7(, &:%*-(3-. !:%e-(3-:( .*3 )* 
3,*%0(/ :& #3/-*.* ( ,+73: )* $7'*-&'()&"&. H #-*.#-3%*%(9+3" #*-(3.$ /&>:& 
)* #-*/*:'()& +3:%-&+%$-& ( &#7(+&'()& 3-%3;* $ +3-*+%(/:3" #373>&)$. O<-(6&/& 
,* #-*+3 '(#*7* ,& "D(7*-3"" ( "-37*-3"" (37). 
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1.1.5.2.3. !"#$%(#")#*$# #&+,(#-./# - Chopart 
G3 )* &"#$%&'()& +-3; %&-;$, #-(7(+3" +3)* 3,%&)$ 39$/&:( %&7$, ( 
+&7+&:*$,. ?*+&.& )* #3%-*<:& &-%-3.*;& ,+39:35 ;573<& )*- 6*53/& D$:+'()& 
"3>* .3/*,%( .3 :*,%&<(7:3,%( ( #3/-*C(/&6& %+(/&. F-3%*;& ,* ,&,%3)( 3. 
+-&%+35 +3>:35 +3-;*%& #-*+3 ,+39:35 ;573<& $"*%:$%35 $ .-/3 (7( #7&,%(9:3 
,%3#&73. E,73:&' )* :& #*%:3" )&,%$9*%$, & +3-;*% 3<*;<*C$)* ,%&<(7:3,% ( 
,#-*9&/& +7(;&6* ( %3-;()$ $ 7*>(2%$. !+3 ,%&6* #&%-0+& .3;/30&/&, &#7(+$)* 
,* #-3%*;& 3. 3-%37*:& (7( #*:&,%* 5$"* 3<73>*:* +3>3" ( $"*%:$%* $ '(#*7$. 
P&.& #&'()*:% ("& <37:$ 3,*%0(/3,% .(,%&7:35 3+-&)+& #&%-0+& (7( ,$ #-(,$%:* 
$7'*-&'()*, "3-& .*7("(9:3 (7( #3%#$:3 .& -&,%*-*%( 3,73:&' #-*+3 7(5&"*:%& 
#&%*7* (37, 38). 
1.1.5.2.4. !"#$%&#*'0*#"$# #&+,(#-./# - Pirogoff . Boyd 
P3. 3/* /-,%* &"#$%&'()* 3,%&)* 39$/&: ,&"3 .*3 +&7+&:*$,& +3)( ,* 
#-(9/-,%( :& .36( 3+-&)&+ %(<()*. G("* )* 3,%&73 39$/&:3 #*%:3 )&,%$9* ( 
3"35$4*: 3,73:&' :& /-1 #&%-0+&, &7( )* #-3%*%(,&:& ,%-&:& .$>& 3. /&7(.:*. 
U-1 #&%-0+& )* +-$2+&,%35 3<7(+& ( :()* :&)#353.:()( ;& #-3%*%(,&6* (39). 
P3. #&-'()&7:(1 &"#$%&'()& ,%3#&7& 9*,%3 ,* +3-(,%* 3-%3;*. ?*+&. ,$ 
#3"34:3 ,-*.,%/3 $; +(:*;(%*-&#()$, & :*+&. .*3 .*D(:(%(/:35 -*2*6&. H 
#-3%*%(9+3" ;<-(6&/&6$ 3/(1 &"#$%&'()& +3-(,%* ,* ,&/-*"*:( "&%*-()&7( +&3 
,%3 ,$: %*-"3#7&,%(+&, 3-%37*:, #*:&,%& 5$"&, ,(7(+3: &7( ( %-&.('(3:&7:( +&3 
2%3 ,$ +3>& ( D(7'. E<(9:3 ,* :* "35$ +3-(,%(%( (:.$,%-$),+( 3<7(+3/&:( 
*7*"*:%( ;& #-3%*;* +&3 +3. /(2(1 :(/3& &"#$%&'()&, /*4 ,* "3-&)$ #-&/(%( ;&
,/&+35 #&'()*:%& #3)*.(:&9:3. 
?*+&. )* "35$4& &.&#%&'()& /*4 #3,%3)*4(1 '(#*7& &7( )* #3%-*<:3 .& )* 
'(#*7& 9/-,%&, .3/30:3 .$<3+& ( #-3,%-&:&, .& ,* #3#$:( "D(7*-3"". E<(9:3 )* 
;& )*.&: <-3) /*4& 3. '(#*7& +3)$ #&'()*:% /*4 +3-(,%(. H +(:*;(%*-&#()( ,$ 
:&)/&>:()* #-*/*:'()& +3:%-&+%$-& ( /*><* <&7&:,&. P3-(,:* ,$ /*><* 13.& #3 
:*-&/:3" %*-*:$ ( -&;:(" /-,%&"& #3.735* (20$:&+, %-&/&, ;*"0&). M*.:& 3. 
#-*.:3,%( 3/(1 &"#$%&'()& )* "35$4:3,% 3,73:'& :& /-1 #&%-0+&. G3 #&'()*:%$ 
.3;/30&/& /*4( +3"D3- $ +$4:(" $,73/("& )*- :* "3-& .& ,%&/0& #-3%*;$ :& 
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+-&4(" -*7&'()&"a. ?*.3,%&%&+ )* (;73>*:3,% /-1& #&%-0+& #3/-*.&"& ( 
$7'*-&'()&"& 2%3 +3. #&'()*:%& ,& $5-3>*:3" '(-+$7&'()3" "3>* .3/*,%( .3 
-*&"#$%&'()* (39). 
1.1.5.3. (@96>=5D589F63 9:;<=97583 
1.1.5.3.1. 1')#"(.2,*#-./# %203$04 )4*05# - Syme 
?(/3 &"#$%&'()* #3 Syme-$ )* +-3; (7( :*#3,-*.:3 (;:&. "&7*37$,&. 
F*%:3 )&,%$9* 3,%&)* 39$/&:3 ( #3,%3)( "35$4:3,% 3,73:'& :& /-1 #&%-0+& (40). 
F&%-0&+ )* :& .(,%&7:3" .*7$ 2(-(, <$73;&: ( .$53 /-*"*:& )* ,"&%-&: 
:*#3.*,:(" ;& #-3%*%(,&6*. B*C$%(", +3-(24*6*" :3/(1 "&%*-()&7& $ 
#-3%*%('( ;:&%:3 )* #3/*4&:& "35$4:3,% D$:+'(3:&7:35 ( *,%*%,+35 #3<302&6&. 
J%&-()( %(# #-3%*;* ("& )*.:$ /-,%$ +3-,*%&, ,"*2%*:35 "*.(3-.(,%&7:3 :& 
7*>(2%$, +3)( ,* #-(7(+3" 3<7&9*6& #-3%*;* 3%/&-&3, & #-(7(+3" +3-(24*6& 
,%*;&3. ?3/()( %(# ("& :& %3" "*,%$ 3%/3-, #3+-(/*: *7&,%(9:3" 5$"3", +3)& 
,7$>( +&3 ,$,#*:;()&. ?&):3/()( %(# #-3%*;* ("& 7*>(2%* ,& ./3,%-$+(" ;(.3", 
#-( 9*"$ $:$%-&26( *7&,%(9:( ;(. ,7$>( +&3 ,$,#*:;()&. !+3 )* :*3#13.:3, 
"35$4* )* .*7("(9:3 -&,%*-*%(%( /-1 #&%-0+& #-*+3 #&%*7&-:35 7(5&"*:%& ( 
.3.&%( ,$#-&+3:.(7&-:$ ,$,#*:;()$. J%3#&73 ;& 3/&) %(# #-3%*;* "3-& <(%( #7(4* 
$ 3.:3,$ :& ,%&:.&-.:3, ;<35 *5&7(;&'()* .$>(:* ,& /&7(.:(" *+,%-*"(%*%3" (40). 
1.1.5.3.2. !"#$%(.5./#*$# #&+,(#-./# 
G-&:,%(<()&7:&, 3.:3,:3 #3%+37*:& &"#$%&'()&, 3"35$4&/& /(,3+ 
#-3'*:&% $,#*2:35 #-3%*%(,&6&. F-*.:3,% 39$/&:35 +37*:35 ;573<& )* 39(57*.:& 
,& ./& &,#*+%&: *D(+&,:& )* +3:%-37& #-3%*;* $; "&7( *:*-5*%,+( $%-32&+ ( 
#&'()*:% ("& 3-()*:%&'()$ 3 #373>&)$ #-3%*%(9+35 ,%3#&7& $ #-3,%3-$. 
P3:%-&(:.(+&'()* ;& #-3%*%(,&6* ,$ -*%+* +3. 3/35 :(/3&. G3 "3>* <(%( 
5*:*-&7:( :*.3,%&%&+ -*1&<(7(%&'(3:35 #3%*:'()&7& (7( :*"35$4:3,% 
D$:+'(3:&7:* +3:%-37* +37*:& +&3 2%3 ,$ ,*:(7:3,% (7( ,#&,%(9:& ,%&6& #3,7* 
'*-*<-3-/&,+$7&-:35 (:,$7%& (41). G*2+34$ "3>* ,%/&-&%( D(+,(-&:& D7*+,(3:& 
+3:%-&+%$-& 2%3 ,* -*2&/& &#7(+&'()3" ,#*'()&7:* #-3%*;* ,& 3,73:'*" :& 
!"#$    
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,&/()*:3 +37*:3. 
?*#3/30:& )* &"#$%&'()& +-3; 53-6$ %-*4(:$ #3%+37*:('* )*- :*"& 
.3/30:3 "*+35 %+(/& .& ;&2%(%( /-1 +3,%(, '(-+$7&'()& )* ,7&<&, & +3:D(5$-&'()& 
%(<()* )* :*#3/30:&. ?&)#3/30:()( )* :(/3 :& ,#3)$ ,-*.6* ( 53-6* %-*4(:* 
#3%+37*:('*. 8$>(:& #&%-0+& 3. 14 '", "*-*:3 3. %(<()&7:35 #7&%3&, )* 
D$:+'(3:&7:3 ;&.3/30&/&)$4&, .3+ "&6& 3. 8 '" )* #-3<7*"&%(9:& ;& 
#-3%*%(,&6*. P3. %&+3 +-&%+(1 #&%-0&+& 3.,%-&6$)* ,* +3"#7*%:& D(<$7& )*- 
;<35 -&,'*#& (:%*-3,*&7:* D&,'()* :&,%&)* .*D3-"(%*% $ /(.$ &:5$7(-&:* D(<$7*: 
D(<$7& /&75& (41).  
1.1.5.3.3. 1')#"(.2,*#-./# 20*'$# . #&+,(#-./# +0 Gritti-Stokes-,         
8*;&-%(+$7&'()& +-3; +37*:( ;573< 3,%&/0& D*"$- 39$/&: '*73" 
.$>(:3" (42). F&%*7& )* :& ,/3"* "*,%$ ( 3"35$4*: )* 3,73:&' /-13" #&%-0+&. 
8$5&9+& #37$5& ( 39$/&:( "(2(4( 3<*;<*C$)$ .3<-$ D$:+'()$ ( +3:%-37$ 
#-3%*;*. G3%&7:( +3:%&+% .&)* .3<-$ #-#3#-(3'*#'()$, & <$73;:( 3<7(+ #&%-0+& 
"35$4:3,% ,$,#*:;()* +-3; 7*>(2%*. K*; ,* #-&/( +-3; *#(+3:.(7* D*"$-&, & 
#&%*7& ,* ,& .36* ,%-&:* $9/-24$)* :& %&+3 .3<()*: 3+-&)&+. E,73:&' )* :& /-1$ 
#&%-0+&. ?()* #3%-*<:3 .$53 9*+&%( :& &%-3D()$ "*+(1 %+(/&, )*- ,$ "(2(4( 
$57&/:3" 39$/&:(. F3%-*<:3 )* ,#*'()&7:3 #7(%+3 9*%/3-33,3/(:,+3 +37*:3 .& <( 
,* "&+,("&7:3 ,"&6(7& -&;7(+& $ 3,3/(:( &:&%3",+35 ( #-3%*%(9+35  +37*:& (42). 
?*2%3 )* %*>* +3;"*%(9+( 3<7(+3/&%( 3/&+/$ #-3%*;$. 
1.1.5.3.4. !"#$%6'&0"#*$# #&+,(#-./# 
F-(7(+3" &"#$%&'()* :&.+37*:('* 5$<* ,* ./& /*7(+& ;573<& 2%3 ,* :* 
"3>* $ .3/30:3) "*-( :&.3+:&.(%( #-3%*;3": 13. 3,%&)* "&6* (7( /(,* 
&,("*%-(9&:. S:*-5*%,+( $%-32&+ ( ;&1%*/ ;& +(,*3:(+3" )* ;:&%:3 /*4( 
#-(7(+3" 13.& ,& :&%+37*:3" (49%), :*53 ,& #3.+37*:3" #-3%*;3" (9%). 8& <( ,* 
3,%&/(73 .3/30:3 "*,%& ;& #-3%*%(93 +37*:3 #3%-*<:3 )* <&-*" 12 '" #-3,%3-& 
(;:&. &:&%3",+* 3,3/(:* +37*:35 ;573<& (43). @.*&7:& /(,(:& &"#$%&'()* )* :& 
,#3)$ .36* ( ,-*.6* %-*4(:* :&%+37*:('* (7( 25-30 '" 3. /*7(+35 %-31&:%*-&. G3 
3"35$4&/& .$5&9+$ ( .3/30:3 ,:&>:$ #37$5$ ;& +3:%-37$ #-3%*;*. E#*-&%(/:( -*; 
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.3<-3 ( <-;3 ;&-&,%&, )*- )* /&,+$7&-(;&'()& .3<-&. B(:("&7:& .$>(:& #&%-0+& 
+3)& 3"35$4&/& &#7(+&'()$ +7&,(9:* :&.+37*:* #-3%*;* )* 10 '" 3. %$<*-& 
(,1()&.(9:* +3,%(. V*,%* ,$ D7*+,(3:* +3:%-&+%$-* +-&%+(1 #&%-0&+&. 
P3:%-&+%$-* .3 303 "35$ ,* #-3%*%(9+( -*2(%( (43). 
1.1.5.4. $3C9@=5B<F97589 B<B9 
B&7(5:(%*% )* :&)9*24( $;-3+ 3/* &"#$%&'()*, &7( ( %-&$"&. K*; "3>* 
(4( +-3; ,&" ;573<, +&.& ,* 3.,%-&6$)* '*3 D*"$- (7( +-3; (:%*-%-31&:%*-:$ 
7(:()$. ?*2%3 )* <30& "*.(3-7&%*-&7:& ,%&<(7:3,% &+3 ,$ 3,%&/0&:( 57&/& ( /-&% 
D*"$-& (44). @;-&C$)* ,* #3,*<:& #-3%*;&, #3;:&%& +&3 "+&:&.,+& +3-#&". N*>(2%* 
)* $ 3<7(+$ +3>:35 (7( #7&,%(9:35 +3-;*%& #-*+3 #*7/(,& ,& "*,%3" 3,73:'& :& 
%$<*-$ (,1()&.(9:* +3,%( ( .*7("(9:3 :& 3<* +-(,%* (7()&+*. ?*"& #37$5* 
#&%-0+& +3)3" <( #&'()*:% (;/3.(3 #3+-*%, /*4 #-(73+3" 13.& +3-(,%( ;&"&1 
+&-7('3" ( %*73" $; (:*-'()$ (44). 
1.1.5.5. 03:5;3FE3B=?:589 
=*"(#*7/*+%3"()& )* 3.,%-&6(/&6* #37& #*7/(,&. F-3%*;& )* ,7(9:& 
#-*%13.:3), ,&"3 )* +3-;*% .$<0( ( 3,73:&' )* :& "*+3" %+(/$ ( .36(" #&-%()&"& 
%3-&+,& (45). 
1.1.5.6. 03:5B?@;?@3B=?:589 5F5 =@96>F<:D9F69 9:;<=97589 
G3 )* :&)/(2( :(/3 ( :&)%*>( 3<7(+ &"#$%&'()*. @;/3.( ,* /*3"& -*%+3, & 
#-/( #$% )* $,#*2:3 $-&C*:& %*+ 1961.5. E#*-&%(/:& 7(:()& (.* +-3; 7$"<&7:( 
.*3 +(9"* +&.& ,* 3.,%-&6$)* .36& #373/(:& %*7&. ?3/(, 7&+( "&%*-()&7( 
3"35$4&/&)$ (;-&.$ #-3%*;& ;& ,*.*6* ( ,%&)&6* (46).
1.1.6. '@5;@3:9 D?F3>65B9 C9 9:;<=9758< 
@&+3 &"#$%&'()& :* #-*.,%&/0& &%-&+%(/:$ 1(-$-5()$ :*3#13.:3 )* .& ,* 
#-* ,/&+* (:%*-/*:'()* <37*,:(+ "&+,("&7:3 #-(#-*"( +&+3 <( $ 2%3 
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3#%("&7:()*" ,%&6$ <(3 #3./-5:$% ;&1/&%$. 8&+7*, :* #3,%3)* :*+* ,#*'(D(9:* 
#-(#-*"* ;& 3/$ /-,%$ (:%*-/*:'()*, &7( )* ,&-&.6& ,& &:*,%*;(37353" ( 
3.53/&-&)$4(" (:%*-:(,%3" :*3#13.:& -&.( +3-*+'()* */*:%$&7:(1 
*7*+%-37(%:(1 #3-*"*4&)& ( +3:%-37* D$:+'()* /(%&7:(1 3-5&:&. !+3 <( ,* "3573
(;./3)(%( :*2%3 ,#*'(D(9:3 ;& 3/* <37*,:(+*, 3:.& )* %3 #-*3#*-&%(/:& 
#,(1(9+& #-(#-*"& <37*,:(+& (47). G3 (; -&;735& 2%3 ,$ 3/( <37*,:('( (;73>*:( 
/*7(+3" #,(1(9+3" 3#%*-e4*6$. 83 %&.& ";.-&/" <37*,:(+ $7&;( $ )*.&: #,(1(9+( 
( ,3'()&7:( #-o<7e" ( %3 :* ,&"3 ;<35 $:&+&>*6& (;&;/&:35 &"#$%&'()3", /*4 ( 
;<35 3,*4&)& .& /(2* :()* ,%&:.&-.&: 97&: .-$2%/& 2%3 ,/* ,+$#& .3/3.( .3 
3;<(0:(1 #&%6( (47). 
F,(13 #-(#-*"& ;&/(,( 3. ,%*#*:& 3<-&;3/&6& <37*,:(+& & (;/3.( ,* 
%(",+(: '*73+$#:3 "*.('(:,+3 3,3<0* :& 9*7$ ,& 1(-$-53", $; $9*,%/3/&6* 
#,(13735& ( #,(13%*-&#*$%&. G-*%"&: ,* #3 #3%-*<( .3#$6$)* 3.53/&-&)$4(" 
#,(13(:D&-"&'("&. 
1.1.7. #;3@9=5E69 =3H65B9 
?& (;<3- 3#*-&%(/:* %*1:(+* $%(9$ ":35( D&+%3-( +&3 2%3 ,$: ,%&-3,% 
<37*,:(+&, 3#2%* ,%&6*, 73+&7:( $,73/( (9(,%( (7( ,*#%(9:(), (:%*:;(%*% 
#-3"*:& :& *+,%-*"(%*%$, $;-3+ #-3"*:&, +&3 ( (,+$,%/3 1(-$-5& $ 3/3) 
1(-$-5()(. F3:*+&. ( ,#30:( D&+%3-( .(+%(-&)$ /-,%$ 3#*-&'()& +&3 2%3 )* 
D&+%3- /-*"* ;& /-*"* -&%&, "&,3/:(1 #3/-*C(/&6& $ -&;:(" :*,-*4&"&, 
+&.-3/,+& ( %*1:(9+& 3#-*"0*:3,% "*.('(:,+* $,%&:3/* ( .-. 
E,:3/:& (.*)& /3.(0& +3. ,/&+35 1(-$-5& <( %-*<&73 .& <$.* .& 
&"#$%&'(3:( #&%-0&+ <$.* %&+3 D3-"(-&: .& $ D$:+'(3:&7:3" #357*.$ "3>* .& 
,* 2%3 <30* 3,#3,3<(. 8& <( ,* %3 #3,%(573 :*3#13.:3 )* .& ,/& %+(/& +3)& 
$9*,%/$)$ $ D3-"(-&6$ #&%-0+& <$.$ ,&9$/&:& $ 3:3) "*-( +3)& 4* 3"35$4(%( .& 
,* #&%-0&+ D3-"(-& <*; +3"#7(+&'()& ( .& <$.* #353.&: ;& #-3%*%(,&6* <*; 
/*4(1 #-3<7*"& ( .$53%-&):* #-(#-*"*. 
F3,%3)* -&;7(9(%* 3#*-&%(/:* %*1:(+* ;& -&;7(9(%* :(/3* &"#$%&'(3:(1 
7(:()& (48-52). Q(13/3 .*%&0:3 3#(,(/&6* :()* #-*."*% :&2*5 -&;"&%-&6& %&+3 
.& 4*"3 ,* 35-&:(9(%( :& 3:* *7*"*:%* +3. &"#$%&'(3:* %*1:(+* +3)( ,$ 3. 
(:%*-*,& ;& D$:+'()$ &"#$%&'(3:35 #&%-0+&. 
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E,:3/:( #3,%$7&% +3)( ,* "3-& (,#32%3/&%( )* .& +32%&:( ,*5"*:% "3-& 
<(%( .3<-3 #3+-(/*: "*+3%+(/:(" #3+-(/&9*". P3>& +3)& )* #-/& :& #3%*;$ 
&"#$%&'()*, ;&1%*/& +&3 /-73 3,*%0(/ 3-5&: #$:$ #&>6$. H; #-*%#3,%&/+$ .& ,* $ 
#-(#-*"( 3#*-&%(/:35 #30& (,#32%$)$ ,/& #-&/(7& &:%(,*#,*, ,/&+( #3%*; :& 
+3>( "3-& <(%( ,-&9$:&% :& 2%3 "&6$ %-&$"$ +3>* ( :& 6*:$ .3<-$ 
#-3+-/0*:3,% (48-50). G3 #3.-&;$"*/& .& ,* ,*9* #3. #-&/(" $573" & /*7(9(:& 
+3>:35 #3+-(/&9& ,* "3.$7(-& #-*"& #&%-0+$ :& ,&"3" +-&)$ 3#*-&'()*. 
F3%+3>:3 %+(/3 ,* :* ,"* <*;#3%-*<:3 %-&$"&%(;3/&%(. F3%+3>:3 %+(/3 ( +3>& 
,$ (-(5(-&:( +-/:(" ,$.3/("& +3)( #-37&;* +-3; D&,'()$ ( 5-&:&)$ ,* %*+ $ 
#3%+3>:3" %+(/$ ( ,&"3) +3>(. P3>& :& +-&)$ "3-& 57&%+3 .& :&7*5:* ( :* ,"* 
<(%( #3. %*:;()3". G&+3C*, 2&/3/( +3)( ,* #7&,(-&)$ :& +3>( :* ,"*)$ <(%( 
:&%*5:$%(. A&/3/( #3%+3>:35 %+(/& ,* -&.* 9/-,%3 ,& "(2(4("& :*3,%&/0&)$4( 
,73<3.:* #-3,%3-* $ +3)("& ,* "3>* D3-"(-&%( 1*"&%3" +3)( )* #353.&: ;& 
#3,%3#*-&%(/:$ (:D*+'()$, +3)&, &+3 ,* .353.(, ;:& .& <$.* .3,%& .$53%-&):& ( 
$#3-:&. @;"*C$ "(2(4& ( +3>* )* :*3#13.:& .-*:&>& +&+3 <( ,* (;<*57( 
1*"&%3"( (49-50). 
B(2(4:& "&,& :& *+,%-*"(%*%("& #-*%,%&/0& :&)/*4( .*3 "&,* 2%3 ,* 
)&,:3 /(.( ( #-(7(+3" #-*,*'&6& (,%(1 ( 6(13/3" -*%-&+'()3". K&:()* ,$ 
1(-$-;( 3,%-*6(/&7( /*4( .*3 "(2(4:* "&,* ,"&%-&)$4( )* :*#3%-*<:3" ( 
3%*>&/&)$4(" D&+%3-3" ;<35 6(53/* +3:%-&+%(7:3,%(. B*C$%(", .&:&, )* 
#-*3/7&.&73 "(20*6* .& "(2(4:$ "&,$ %-*<& ,&9$/&%( ( #&>0(/3 #3,%$#&%( ,& 
63" )*- )* 3:& ( 57&/:( *7*"*:&% ;& #-*+-(/&6* +32%&:35 D-*5"*:%& (50, 51). 
@"&)$4( $ /(.$ -&:()* (,%&+:$%$ 9(6*:('$ .& ,* #-*3,%&7( +32%&:( 
,*5"*:% "3-& #3+-(%( "*+3%+(/:(" #3+-(/&9*", :&"*4* ,* :*3#13.:3,% .& 
#-(7(+3" #-*,*'&6& 3.53/&-&)$4* +3,%( (,%& "3-& <(%( :*2%3 +-&4& 3. 
(:'(;(3:* 7(:()* :& +3>( ( "(2(4("&. ?*+&.& ,* ,"&%-&73 .& )* 57&/:& 
:$%-('()& +3,%( (; +32%&:35 +&:&7& ;<35 9*5& ,* #-(7(+3" #-*,*'&6& .$5(1 
+3,%()$ 3%/3- ;&%/&-&3 #*-(3,%3" (7( ,73<3.:3" +3,%(. B*C$%(", :&):3/()& 
(,%-&>(/&6& ,$ .3+&;&7& .& ,* 57&/:& :$%-('()& +3,%( 3.(5-&/& #-*+3 #*-(3,%& 
(51, 52). @; %(1 -&;735& ,* #3,7*.6(1 53.(:& :* /-2( .*#*-(3,%(;&'()& +3,%()$. 
E/3 ,* ;:&%:3 7&+2* #3,%(>* +3. &"#$%&'()& :&%+37*:('* :*53 #3%+37*:(1 
+3,%()$. 
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P3. &"#$%&'()& :& :(/3$ (,#3. +37*:& #3,*<&: #-3<7*" #-*.,%&/0& 
,%&<(7:3,% ./*)$ -*,*'(-&:(1 +3,%()$. E/3 ,* /(2* 3.:3,( :& D(<$7$ ;<35 9*5& ,$ 
:*+( &$%3-( #7*.(-&7( ;& +3"#7*%:3 3,%-&6*6* D(<$7* 2%3 .3:*+7* 
.*,%&<(7(;$)* +37*:( ;573< ;<35 3.-*C*:(1 #-(#3)& ;573<:(1 /*;& ;& D(<$7$. 
V(6*:( ,$ #3+$2&)( ( ,& #3,*<:(" D(+,&%3-("& (;"*C$ ./* +3,%(. 8&:&, ,* 
.*7("(9:3 $.3/30&/& %(" ;&1%*/("& :& %&) :&9(: .& :(/3 -*,*'(-&:* D(<$7* 
<$.* :*2%3 /(2( 3. :(/3& %(<()* (53, 54). 
F3;:&%3 )* .& ,$ /*7(+( :*-/( 3.53/3-:( ( ;& (:*-/&'()$ #&%-0+& #& 
,&"(" %(" ( ;& #3,%3#*%&%(/:* <373/* +3)( :(,$ -*%+3,% $ #&%-0+$. @; %(1 
-&;735& )* (,%* #-(7(+3" &"#$%&'()* :*3#13.:3 (.*:%(D(+3/&%( ( -*,*'(-&%( 
3.53/&-&)$43" %*1:(+3". ?*-/ ,* :* ,"* #-*,*'&%( (;:&. :(/3& -*,*+'()* "(2(4& 
)*- ,* %&+3 )*.&: ,*5"*:% "(2(4:* "&,* 3,%&/0& (:*-/(,&:(". 8& <( ,* (;<*57* 
+3"#7(+&'()* %(#& :*$-(:3"& :& 7(:()( #-*,*+& +&3 ( #3)&/& D&:%3",+(1 <373/& 
.&:&, ,* +3-(,%* -&;7(9(%* %*1:(+*. U*4(:& &$%3-& #-*.7&>* .& ,* $; :*-/ 
#-&%*4& &-%*-()& #*.&:%:3 #3/*>* +&+3 <( ,* #-*.$#-*.(7( #3,%3#*-&%(/:( 
1*"&%3"(, & ,&" :*-/ +7*"$)* #*&:3" :*+37(+3 #$%& :& ,&"3" +-&)$ (53, 54). 
P3-(,%(7* ,$ ,* ( #3,*<:( 9*#3/( 3. /*2%&9+35 "&%*-()&7& ;& #-*+-(/&6* 
:*-/:35 3+-&)+&, &7( ,* .&:&, #3+&;&73 .&7*+3 #-&+%(9:()* ( *D*+%(/:()* 
$<-(;5&/&6* 3.-*C*:(1 "*.(+&"*:&%& (=(,%3&+-y7) +3)( "35$ .& D3-"(-&)$ #-&/$ 
#73"<$ :& 7(:()( #-*,*+& :*-/&. E/3 ,/* $ '(0$ 2%3 "&6* (-(%&'()* "*1&:(9+(" 
D&+%3-("& :*-/:35 #&%-0+&. F-&/& 5*:*;& D&:%3",+35 <37& )32 $/*+ :()* 
#-3:&C*:& %&+3 .& ,* 3/& +3"#7(+&'()& :*+3" #3,*<:3" 3#*-&%(/:3" %*1:(+3" 
,*" #3"*:$%(1 ( :* "3>* #-*.$#-*%(%( (55). 
83<-& #-3+-/0*:3,% &"#$%&'(3:35 #&%-0+&, #*.&:%:& (:%-&3#*-&%(/:& 
1*"3,%&;& ( #-*/*:%(/:& #-("*:& &:%(<(3%(+& 73+&7:3 ( #&-*:%*-&7:3 ,$ 
5&-&:'()& <-;35 ;&-&,%&6& 3#*-&%(/:* -&:*, & ,&"(" %(" ( ,%/&-&6* "35$4:3,%( 
;& -&:$ -*1&<(7(%&'()$ ( #-(#-*"$ #&%-0+& ;& #-3%*%(,&6*. 
1.1.8. 23;?>@3A63 5 <A9I363 B?:;F5B97583 
?*#3,-*.:* (7( -&:* +3"#7(+&'()* ,$ :&>&73,% .3,%& 9*,%*. K&;735& ;& %3 
("& #$:3. F-3'*:&% 3/(1 +3"#7(+&'()& )* /*4( :*53 +3. &,*#%(9:(1 3-%3#*.,+(1 
3#*-&'()&. ?& #3)&/$ +3"#7(+&'()& $%(9$, ,*" 3#*-&%(/:* %*1:(+* ( :*+( D&+%3-( 
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:& +3)* :* "3>*"3 #$:3 $%('&%( +&3 2%3 ,$ ,%&-3,:& .3< <37*,:(+&, #-&%*4& 
3<30*6&, -&:()& 32%*4*6& :& +3>( (;-&9*6*), 13-"3:&7:( #3-*"*4&)( (.(&<*%*, 
"*7(%$,), 53)&;:3,% ( .- (56, 57). 
B*C$ :&)-&:()* +3"#7(+&'()* +3)* ,* "35$ )&/(%( 3."&1 #3,7* 3#*-&'()* 
,#&.&)$ 1*"&%3"( ( ,*-3"( (58). J/&+&+3 .& )* (:D*+'()& :&)9*24& +3"#7(+&'()& 
(59, 60). B&:(D*,%$)* ,* #3)&/3" 3%3+&, '-/*:(7& ( #3/(2*:3" %*"#*-&%$-3". 
O&1%*/& 3."&1 -*/(;()$ -&:* ( +3:;*-/&%(/:( %-*%"&: -*.3/:(" #-*/()&6*" ( 
#-("*:3" &:%(<(3%(+&. ?& ,-*4$ -*.&+, &7( 3;<(0&: #-3<7*" #-*.,%&/0& #3)&/& 
5&,:* 5&:5-*:* (60, 61). E<(9:3 ,* )&/0& +3. :&%+37*:(1 &"#$%&'()& 5.* )* /*7(+& 
"(2(4:& "&,& ;&%/3-*:& (,#3. 2&/3/&, & .3#-(:3, %3"* .&)* ( :*#3,-*.:& 
<7(;(:& &:$,&. !+3 ,* -*.3/:3 ,#-3/*.* #-*/*:%(/:& ;&2%(%& &.*+/&%:(" 
&:%(<(3%('("& 3/& +3"#7(+&'()& ,* "3>* $/*+ (;<*4(. 
?*+-3;& +3>* )*.:35 (7( 3<& +3>:& D7&#& )* %&+3C* 9*,%& :*#3,-*.:& 
#3,%3#*-&%(/:& +3"#7(+&'()& (62, 63) ( )&/0& ,* 3<(9:3 (;"*C$ $+7&6&6& .-*:& 
( +3>:(1 ,$%$-& (63). F3,%3)* <-3):( -&;73;( -&;/3)$ :*+-3%(9:(1 #7&>& :& +3>(. 
?&)9*24( ,$ 5-*2+* $ 3#*-&%(/:3) %*1:('( ;<35 :&%*5:$%* +3>* ( #7&,(-&:(1 
2&/3/& #3. %*:;()3", :*.3/30:3 #*.&:%:& 1(-$2+& %*1:(+& +3)& ;<35  
""&7%-*%(-&6&" %+(/& .3/3.( .3 *.*"& ( 732* 1*"3,%&;*. 
8-$5( -&;735 #3)&/( +3>:* :*+-3;* )* (:,$D('()*:%:3 +-/:3 ,:&<.*/&6*. 
?&)9*24( -&;73;( 3/3) #3)&/( ,$ #35-*2:& #-3'*:& #-* 3#*-&'()*, #-35-*,()& 
<37*,%( :& +-/:(" ,$.3/("&, 6(13/3 %-3"<3;(%&6* +&+3 &-%*-(),+(1, %&+3 ( 
/*:,+(1. J-9&:& ,7&<3,%, 23+:3 ,%&6*, %&+3C* "35$ 32%*%(%( "(+-3'(-+$7&'()$( 
( .3/*,%( .3 (,1*"()* ( :*+-3;*. F-(%(,&+ 3. 1*"&%3"& ( :*&.*+/&%:& .-*:&>& 
"35$ ;:&9&):3 $%('&%( :& #3)&/$ :*+-3;* +3>* (63). 
P&,:* +3"#7(+&'()* ,$ -*C*. B*C$ 6("& ,* #3"(6* D7*+,(3:& 
+3:%-&+%$-& #&%-0+&, :&-39(%3 +3. :&%+37*:(1 &"#$%&'()& ( #3)&/& <37& :& 
:(/3$ #&%-0+& ( %;/. "D&:%3",+(" <37 (64). F3)&/$ <37& <(73 +3)* 5*:*;* %-*<& 
,1/&%(%( 3;<(0:3 )*- ,&"3 <*;<37:( #&%-0&+ 3"35$4&/& .3<-3 D$:+'(3:(,&6*, 
&.*+/&%:3 $9*,%/3/&6* $ .-$2%/$ ( 3<&/*;&"&. L37&: #&%-0&+ 3:*"35$4&/& 
:3-"&7&: -(%&" :* ,&"3 <37*,:(+& /*4 ( 9(%&/* 6*53/* #3-3.('*. F-3%(/ <37& ,* 
<3-("3 $57&/:3" #-("*:3" 3.53/&-&)$4(1 &:&75*%(+&, #3/-*"*:(" $.&-&6*" #3 
/-1$ #&%-0+& .& <( 39/-,:$3 ( .-. 
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F3)&/& D&:%3",+(1 <373/& +3. 3.-*C*:35 <-3)& <37*,:(+& #-*%,%&/0& 
3;<(0&: #-3<7*" +&+3 ;& <37*,:(+& %&+3 ( ;& 7*+&-&. S%(3735()& 3/* #3)&/* )* ( 
.&0* :*#3;:&%& (64, 65). A%3 ,* %(9* 7*9*6&, 9(6*:( ,$ -&;:( #3+$2&)( +3)( ,$ 
$57&/:3" "&6* (7( /(2* 3,%&)&7( <*; $,#*1&. B*C$ %(" #3,%$#'("& #3"(6* ,* ( 
-*&"#$%&'()& #&%-0+&, #*-(&-%*-()&7:& (7( 7$"<&7:& ,("#&%*+3"()&, -&;&-&6* 
3.53/&-&)$4* ;3:* $ +3-( /*7(+35 "3;5&, -*,*+'()& 3+7$.(-&:* &-%*-()* ( .- (65). 
F-*73"( +3,%()$ ,* $57&/:3" )&/0&)$ #3,7* #&.& ,& #-3%*;3". H ;&/(,:3,%( 
3. /-,%* #-*73"& #-("*6$)* ,* 3.53/&-&)$4( %-*%"&:. ?&)9*24* ,* %-*%(-&)$
+3:;*-/&%(/:3, & )*.(:3 .(,73'(-&:( D-&5"*:%( #3:*+&. ;&1%*/&)$ D(+,&'()$ 
P(-,1:*-3/-3" >('3" (66). F3,7* ;&-&,%&6& :* %-*<& >$-(%( ,& #-3%*;3". 
!"#$    
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1.2. '/#(,(*J-% /,0%K*L*(%)*+% #.#K% .% %&'!(%)*+#& 
$#M,N ,-.(/,&*(,(% 
1.2.1. '@5;@3:9 C9 9:;<=9758< 
K*1&<(7(%&'()& 3,3<& ,& &"#$%&'()3" .36(1 *+,%-*"(%*%& )* /*3"& 
,73>*: ( .$53%-&)&: #-3'*,, +3)( ("& "$7%(.(,'(#7(:&-:( #-(7&;, 5.* ,* 
%(",+3" */&7$&'()3" ,%-$96&+& -&;7(9(%(1 #-3D(7& -*2&/& ,/&+( #-3<7*" 
#3:&3,3< (67, 69). G(" ,&9(6&/&)$ D(;()&%&-, 3-%3#*., 1(-$-5, #-3%*%(9&-, 
D(;(3%*-&#*$%, "*.('(:,+& ,*,%-&, #,(13735, #,(1()&%&-, .*D*+%3735, ,3'()&7:( 
-&.:(+, *-53%*-&#$%. 8*3 %("& :&-&/:3 9(:( #&'()*:% ,& ,/3)3" #3-3.('3" (70, 
71). 
I(0 -*1&<(7(%&'()* )* #3,%(;&6* "&+,("&7:* %*7*,:*, #,(13-,3'()&7:* ( 
#-3D*,(3:&7:* 3,#3,3<0*:3,%( &"#$%(-&:* 3,3<* ( 6*53/* -*(%:*5-&'()* $ 
.-$2%/3 ,& &+'*:%3" :& #3<302&6$ +/&7(%*%& 6*53/35 >(/3%& (70, 71).  
F-35-&" -*1&<(7(%&'()* &"#$%(-&:* 3,3<*: 
1. +7(:(9+( #-*57*.,
2. 3<)*+%(/(;&'()& D$:+'(3:&7:35 .*D('(%&,
3. D(;(9+& "*-*6&:
- "*-*6* .$>(:* *+,%-*"(%*%& ( #&%-0+&, 
- "*-*6* 3<("& #3+-*%& $ ,*5"*:%("& .36(1 *+,%-*"(%*%&, 
- .(:&"3"*%-()& "(2(4& #&%-0+&, 
- "(2(4:( %*,%, 
- SB?T. 





1. FKSEFSK!G@U?! R!O! - K*1&<(7(%&'()& #-* 3#*-&'()* )* /*3"&
/&>:& ( ("& ,/3)* '(0*/* (72): 
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- +(:*;(%*-&#(),+(" %-*%"&:3" 3,(5$-&%( .3<&- %3:$, ( %-3D(+$ 
"(2(4&, +3)( :&+3: 3#*-&'()* ("&)$ :&)/&>:()$ $735$ $ 2+37( 13.& 
("(2(4( %-$#&, -&"*:35 #3)&,&), 3.->&%( *+,%*:;3-*, &..$+%3-* ( 
-3%&%3-* *+,%-*"(%*%& $ '(0$ ,#-*9&/&6& #3,%3#*-&%(/:(1 
+3:%-&+%$-& (72), 
- /*><&"& 3.->&%( #-3#-(3'*#%(/:* ("#$7,* -&/:3%*>*, 
- )&9&%( "o%(/, /30$, #,(1$ ( 3.7$+$ #&'()*:%& .& $,#*, #-(#-*"&)$4( 5& 
.& #-(1/&%( #-3%*;$. 
E/& D&;& -*1&<(7(%&'()* )* "35$4& +3. #7&:(-&:(1 &"#$%&'()& ( 
,#-3/3.( ,* &"<$7&:%:3 (7( :& 1(-$2+3" 3.*0e6$. 
2. FEJTEFSK!G@U?! R!O! (73) - %-&)* 3+3 ./* :*.*0* ( ;&/-2&/& ,*
;&-&,%&6*" -&:*. F39(6* -&:& -*1&<(7(%&'()& /*4 #-/35 #3,%3#*-%(/:35 .&:&, 
#-("*:3": 
- /*><( .(,&6&, 3#2%(1 +3:.('(3:(1 /*><(, ,%&%(9+(" +3:%-&+'()&"&, 
$; +3:%-37$ D(;(3%*-&#*$%&, 
- #-("*6$)$ ,* &+%(/:* ( #&,(/:* /*><* , '(0*" )&9&6& "(2(4& ( 
#-*/*:'()* +3:%-&+%$-& (/*><* *+,%*:;3-& ( &.$+%3-& +$+& %* *+,%*:;3-& 
#3%+37*:('*), 
- 7*>&6* :& %-<$1$ ( :& :*&"#$%(-&:3) ,%-&:( (#-*/*:'()& +3:%-&+%$-&), 
- #-(#-*"& ;& <&:.&>(-&6* #&%-0+&, 
- #-*/*:'()& D7*+,(3:* +3:%-&+%$-*-:* ,"* ,* #3."*%&%( )&,%$+ (,#3. 
#&%-0+&, #&;(%( .& :* /(,(  #-*+3 (/('* +-*/*%&, ,*.(2%& +37('& (7( 
2%&+&, 
- #3,%$#:3" /*-%(+&7(;&'()3": /*><* ,*.*6&, %-*:(:5 <&7&:,&, %-&:,/*- 
+-*/*%-+37('& ( +37('&-2%&+*, #39*%&+ $,%&)&6& ( 13. ,& #3"&5&73" 
(73). 
3. FKSFKEGSG@VP! R!O! (74) - )*  #*-(3. 3. ;&/-2*%+& ;&-&,%&6&
-&:* .3 #-("*:* #-3%*;*. ?&,%&/0& ,* ,& +(:*;(%*-&#(),+(" #-35-&"3", 9()( ,$ 
'(0*/(: 
- .3<-& "$,+$7&%$-& ( 3<("  #&%-0+& +&3 #-(#-*"& ;& &#7(+&'()$ #-3%*;* 
(#39(6* ,* ,& &+%(/:(", ,%&%(9+(" ( .(:&"(9+(" /*><&"&, & #3,%*#*:3 
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$; 3%#3-), 
- )&9&6* "(2(4& :35$, :&-39(%3 ".57$%*$,& +3. :&%+37*:('* ( 
".+/&.-('*#,& +3. #3%+37*:* &"#$%&'()*, 
- )&9&6* "(2(4& %-$#& ( -$+$, .&0* -&"*:35 #3)&,& ;<35 +3-(24*6& 
2%&+& ;<35 2+37* 13.&, 
- #$:( 3<(" #3+-*%& ,/(1 ;573<3/a .36(1 *+,%-*"(%*%&. 
8&0* ,* ,#-3/3.( <&:.&>(-&6* #&%-0+& +&3 #-(#-*"&  ;& #-3%*%(9+$ 
D&;$ -*1&<(7(%&'()*. F3,%$#:3 #-(/(+&/&6* :& ,/&+3.:*/:* &+%(/:3,%( ( 
#3,%(;&6* ,&"3,%&7:3,%( ;& 3/$ D&;$ -*1&<(7(%&'()*. F-3'*.$-* D(;(+&7:* 
%*-&#()*, $+37(+3 #3,%3)( *.*"-+-(3%*-&#()&, "3.$7&-:* ,%-$)*, 
e7*+%-3,%("$7&'()& "(2(4& (74). 
F,(13732+&   #-(#-*"& #&'()*:%& ;& +3-(24*6* #-3%*;*, *.$+&'()& 
($#$%,%/& 3 +3-(24*6$ #-3%*;*, :*;( #&%-0+& ( 3.->&/&6$ 1(5()*:,+3- 
.()*%*%,+35 -*>("&, 7*>(2%& #-3%*;* ( :&/7&+* ;& #&%-0&+). B*-*6& ,* 3<&/0&)$ 
,/&+* :*.*0*: "*-* 3<("& #3+-*%&, 3<(" *+,%-*"(%*%& ( #&%-0+& :& :*+37(+3 
;&.&%(1 :(/3&, "&:$&7:( "(2(4:( %*,%. K*1&<(7(%&'(3:( %(" ,* ,&,%&)* -*.3/:3 
+&+3 <( #-3'*:(3 -*;$7%;%* ( #7&:(-&3 ,7*.*4$ D&;$ -*1&<(7(%&'()* (74). 
4. FKEGSG@VP! R!O!:
?&+3: D3-"(-&6& #&%-0+& ( #3,%(;&6& ,%-$+%$-&7:* ,%&<(7(;&'()* 
(,%35, +&3 ( #,(13D(;(9+* #-(#-*"*, ,&,%&)* ,* %(" ;& -*1&<(7(%&'()$, +3)& .&)* 
(:.(+&'()* ;& 3.-*C*:$ /-,%$ #-3%*;* (75, 76). 
I(0 -*1&<(7(%&'()* $ o/3) D&;( )* ,&/7&.&/&6* $#3%-*<* #-3%*;*. 
F-*.$,73/ ;& #3,%(;&6* ,$: 
- $-*.:3 ,#-3/*.*: -*1&<(7(%&'(3:( %3+ $ #-/* %-( D&;*, 
- .3<-3 D3-"(-&: ( 3#%*-*%0(/ #&%-0&+, 
- #$:& ,&-&.6& #&'()*:%& $ %("$. 
@:.(/(.$&7:( +(:*;(-%*-&#(),+( #-35-&" ,* $-*.:3 :&,%&/0&: 
- 3#2%*-+3:.('(3:( %-*:(:;(, )&9&6* "(2(4& %-$#& ( -&"*:35 #3)&,&, 
- /*><* ;& )&9&6* "(2(4& #&%-0+&, 
- /*><* )& )&9&6* "(2(4& .-$5* :35*, 
- #-3#-(3'*#%(/:& :*-/:& D&'(7(%&'()&, 
- /*><* -&/:3%*>* ( +33-.(:&'()* ,& #-3%*;3", 
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- /*><* 13.&. 
E-.(:(-&)$ ,* #-*"& #3%-*<( #-3'*.$-* D(;(+&7:(" &5*:,("&. 
1.2.2. 1B?F9 H?A9 
F-*.$,73/ ;& -&;$"*/&6& 2+37* 13.& ,& #-3%*;3", )*,%* #3;:&/&6* 
:3-"&7:35 13.& (77). H ,+73#$ :3-"&7:35 13.& #-*"& :&#-*. -&;7(+$)*"3 ./* 
D&;*:  
- D&;$ 3#%*-*4*6& (7( 3,73:'& ( 
- D&;$ 6(1&6&. 
R&;& 3,73:'& $+0$9$)* .3.(- #*%3", 3,73:&' :& #$:3 ,%3#&73, #-*:3, 
%*>(:* :& #-*.6( .*3 ,%3#&7& ( 3.(;&6* :& #-,%*. 
 R&;& 6(1&6& :&,%$#& :&+3: 3.(;&6& #-,%()$, :&,%&/0& ,* #-*:3,3" 
,%3#&7& (;:&. #3.735* ( ;&/-2&/& .3.(-3" #*%*. H %3" %-*:$%+$ .-$5& :35& ("& 
3,73:&' :& /-13/("& #-,%()$. G3 .$#73 3#%*-*4*6* )* ;&/(,:3 3. <-;(:* 13.&, & 
#-( %-9&6$ :*,%&)* (77). =3. ,& #-3%*;3" ,* 3./()& #3 &,("*%-(9:3" 3<-&,'$ ( 
;&.&%&+ 2+37* 13.& )* .& $,+7&.( #3+-*%* 2%3 )* "35$4* <30* ( "&+,("&7:3 (1 
#-(<7(>( :3-"&7:3" 13.$ (78, 79). 
G("* ,* #3,%(>* ,+7&.&: 13. ( $2%*.& *:*-5()*. H%-32&+ *:*-5()* #-( 
13.$ ,& #3%+37*:3" #-3%*;3" /*4( )* ;& 50% 3. :3-"&7:35 13.&, & 100% ,& 
:&%+37*:3", & ,& 3<3,%-&:3" :&%+37*:('3"  400% (80). 
F39*%&+ 2+37* 13.& ,* ,#-3/3.( $ -&;<3)$ /*><3" $,%&)&6&. L37*,:(+ ,* 
#3,%*#*:3 $,#-&/0& ( -&,#3-*C$)* 3#%*-*4*6* :& #-3%*;$ ( ;.-&/$ :35$. F-( %3"* 
(;/3.( /*><* 3#%*-*4*6& :& )*.:3) ( /*><* -&/:3%*>* :& ;.-&/3) ,%-&:(. F-( 
%3"* /&>:3 )* #-&/(7:3 .->&6* ,/(1 "(2(4& %*7& ( #-&/(7:3 .(,&6*. U*><* 
,%&)&6& ( -&/:3%*>* $; #-(.->&/&6* )*.:3" -$+3", & ;&%(" <*; #-(.->&/&6& (78-
80). U*><* 13.&: (,+3-&+-3,73:&' :& #*%$, #& :& #-,%*. 
U*><* (;/&: -&;<3)&: $; ,#30&26( -$< -&;<3)& ( ,& ,%&+3" $ .-$53) -$'(. 
U*><* $ ,73<3.:3" #-3,%3-$, (;/&: -&;<3)&, $; #3"34 ./* #3.7&+&%:* 
2%&+*-9*%/3-3 %&+%:( 13.. 
U*><* $; ,%*#*:('*: :&)#-* ;.-&/& :35&, & #-3%*;& )* 3,73:&'. 
U*><* :(; ,%*#*:('*: #-/3 #-3%*;3", #& ;.-&/3" :353". 
U*><* ;& ,&/7&.&/&6* #-*#-*+&: #3.(;&6* #-*."*%& ,& #3.&, #&.&6*, 
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$,%&)&6*. H #39*%+$ 2+37* 13.& #3%-*<:3 )* $ 3.-*C*:(" (:%*-/&7("& ,+(.&%( 
#-3%*;$ ( #3,"&%-&%( ,%&%$, #&%-0+&, +&+3 <( ,* :& /-*"* 3%+-(7( */*:%$&7:( 
;:&'( :*#-&/(7:35 3#%*-*4*6& (81, 82).
=3. ,* "3>* /*><&%( ( $; "$;(+$. 
83<-3 3<$9*:* 3,3<* $ +3-(24*6$ #-3%*;* "35$ .& ,* <&/* ,#3-%3". 
1.2.3. .9:?CD@5O9E9O3-?>6?E65 75I @3H9D5F5=97583 
J&"3;<-(6&/&6* +&3 )*.&: 3. 3,:3/:(1 '(0*/& -*1&<(7(%&'()* 
#3.-&;$"*/& #-/*:,%/*:3 ,&"3,%&7:3 :&/7&9*6* ( ,/7&9*6* #-3%*;*. L37*,:(+ 
%-*<& .& :&$9( .& #-&/(7:3 $,"*-(  ( "3<$)*" #3%+37*:$ #-3%*;$ ,*.*4(, 
:&.+37*:$ ,%3)*4( (83). F-( %3"*: 
- ,"&6(%( %-*6*, $#3%-*<3" %&7+& (7( ;&2%(%:* +-*"*, 
- 3-()*:%&'()& 7*>(2%& #-*"& #&%-0+$ %-*<& .& <$.* +3-*+%:&, 
- -3%&'()&, &"#$%(-&:& 3,3<& %-*<& .& :&$9( .& -&;7(+$)* "*,%& 
3#%*-*4*6& :& #-3%*;(, ( 3#%*-*%(/& "*,%& :& #&%-0+$, .& ;:& 
3-()*:%&'(3:* %&9+* (83), 
- %-*<& ,#-*9(%( #3%(,+(/&6* "*+(1 %+(/& #-*"& 53-*;+3. #3%+37*:('* 
:&/7&+3", & :&%+37*:('* ,#(-&7:(" ;&/3)*", 
- #-/* /*><* %-*<& ,#-3/3.(%( <*; #3.#-(%(,+& (/*:%(7&) ( (,%&4( 
&"#$%(-&:3) 3,3<( :*#13.:3,% :&#3-:(1 +3:%-&+'()& &"#$%(-&:* 
"$,+$7&%$-*, 
- %-*<& :&$9(%( &"#$%(-&:$ 3,3<$ .& #-3'*6$)* /37$"*: 7*>(2%& ( 
-&,#3-*. #-(%(,&+&, 
- ,/7&9*6* #-3%*;* "3-& .& ,* ,#-3/3.( #3,%$#:3. F3,*<&: 3#-*; +3. 
+-$2+37(+(1 #&%-0&+&, :&+3: ,/&+35 ,+(.&6&, #-("*:(%( 1(5()*:,+( 
-*>(", #-&%(%( ,%&6* ( <3)$ +3>* (83). 
?*3#13.:3 )* 3<-&4&%( #&>6$ :& 1(5()*:,+3 .()*%*,+( -*>(", ,%&7:3 
3.->&/&6* 1(5()*:* #&%-0+&, :&/7&+&, #-3%*;*, /3.(%( -&9$:& 3 #,(13D(;(9+3) 
+3:.('()( (83, 84). 8&+7*, /3.(%( -&9$:& 3: 
- .:*/:3) -$%(:( ( :*;( #&%-0+&, 
- 9(24*6$ #-3%*;*, 
-  <&:.&>(-&6$ #&%-0+&.     
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1.3. '/#(,(*-% * '/#(,(*J-% K*#&,0%2*-%      
1.3.1. #>6?E5 ;@?=3=5PB3 D5?:3H965B3 
L(3"*1&:(+&, +&3 (:%*-.(,'(#7(:&-:& :&$+& <&/( ,* #-3$9&/&6*"  
"*1&:(9+(1 $%('&)& :& 3-5&:(;&", #-("*6$)* ;&+3: ,%&%(+* ( .(:&"(+* :& 
D$:+'()$ :3-"&7:35 ( #&%3732+( (;"*6*:35 3-5&:(;"&. 8&+7*, ,/&+( #3-*"*4&) 
D$:+'()* 73+3"3%3-:35 ,(,%*"&, :&-39(%3 5$<(%&+ *+,%-*"(%*%&, <(%:3 -*"*%( 
.(:&"(+$ +-*%&6& (85, 86). 
!+3 $#3-*.("3 D&;$ :3-"&7:35 13.& ,& D&;&"& 13.& <37*,:(+& ,& 
:&%+37*:3" &"#$%&'()3", $39(4*"3 <(%:* -&;7(+*. F-3%*;3" ,* #3,%(>* 
*5&7(;&'()& .$>(:*, :&.3+:&C$)$ ,* ;573<3/( +37*:& ( ,+39:35 ;573<&. ?& %&)
:&9(: )* ;&.3/30*: 3,:3/:( ,%&%(9+( ;&.&%&+. O& .(:&"(9+$ D$:+'()$ 3.53/3-:& 
)* "$,+$7&%$-& +&-7(9:35 #3)&,& ( +$+&. J1/&%("3 $,73/:3 #-3%*;$ $ D$:+'()( 
#&-&7(;3/&:31 *+,%-*"(%*%&. E/& "$,+$7&%$-& #39(6* D&;$ 6(1&6& ( .&)* 
$<-;&6* #-3%*;(, & $ D&;( .3.(-& #*%* &+%(/:3" *+,%*:;()3" 3,(5$-&/& 
,%&<(7:3,% $ +37*:$ (86, 87). 
P37*:3 #-3%*;* 3,%&)* $ '*73) D&;( 3,73:'& $ *+,%*:;()(, 3.:3,:3 $ <7&53) 
-*+$-/&'()(, +3)& )* 3,(5$-&:& &+%(/:324$ *+,%*:;3-& +$+&. !"#$%(-&:& 3,3<& 
(;/3.( +-&4* +3-&+* & %*>(2%* #-*<&'$)* #-*"& :&#-*., (,#-*. 3,3/(:* +37*:&, 
+&+3 <( ,#-*9(7& :&,%&:&+ "3"*:%& D7*+,()* (Pelvic progresion) (85-87). P&-7('& 
,* +-*4* #-*"& :&#-*., %&+3 .& ,* %*>(2%* #3"&+:* (,#-*. #-3%*;*. F&,(/:& 
*+,%*:;()& +37*:& "3-& ,* #3+73#(%( , D&;3" .3.(-& #*%* :& #3.735$. E9(57*.:3 
)* .& 4* 3/&+&/ #3-*"*4*:( 13. (;&;/&: 5$<(%+3" &+%(/:* D$:+'()* +37*:& <(%( 
)32 %*>* +3"#*:;3/&%( #-( 13.$ #3 ,%*#*:(2%$ (7( #-( $,%&)&6$ (; ,*.*4*5 
#373>&)&. @; &:&7(;* :3-"&7:35 13.& $/(C& ,* ,73>*:3,% "*C$,3<:(1 ;&/(,:3,%( 
#3)*.(:(1 .*73/& %*7& (88). E:.&, ,& #-3%*;3" :*4*"3 -*2&/&%( ,&"3 ,%&%(9+* 
;&.&%+*, :*53 ( #-3<7*"* ,%&)&6&, 13.&6& #& ( $.3<:35 ,*.*6&. V*,%3 #$%& ,* 
:&7&;( +3"#-3"(,:3 -*2*6*. 
1.3.2. 0?A 
J/&+& #-3"*:& .*%*-"(:&:%( 13.& +3)& #-*%*-&:3 #3"*-& '*:%&- 
5-&/(%&'()* $/*4&:3" &"#7(%$.3" ( /*4(" $<-;&6*" (7( $,#3-&/&6*" #-3%*;* 
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$%(9* :& /*4$ #3%-326$ *:*-5()*. O& ,/&+$ .*/()&'()$ )* <(%:3 $%/-.(%( :* ,&"3 
+3)& )* .*/()&'()& $ #(%&6$ ( +3)* .*73/* %*7& 3:& ;&1/&%&, /*4 ( $ +3)3) D&;( 
'(+7$,& 13.& ,* 3:& .*2&/& (88). 8*/()&:%&: 13. "3>* <(%( ,("*%-(9&: (7( 
&,("*%-(9&:. F-3'*:& 13.& 3<$1/&%& ,7*.*4* (89): 
1. ,("*%-()$ #3+-*%& .*73/& %*7& (.$>(:& +3-&+&, 6(1&6* -$+$,
#3"*-&6* %-$#&),
2. $,+7&C*:3,% #3+-*%& (%*%$-&6*, 5$<(%&+ <&7&:,&, :*.3,%&%&+
+33-.(:&'()*),
3. #3/-2(:& 3,73:'&,
4. #-(,$,%/3 (7( 3.,$,%/3 <37&.
J/&+( .*3 %-*<& ,("*%-(9:3 #3,"&%-&%( :& ,7*.*4( :&9(: (90, 91): 
1. 57&/& ( /-&% (.& 7( ,$ ,#$2%*:( (7( #3.(5:$%(, 3%*5:$%(, $/$9*:( (7(
-3%(-&:(),
2. $,+7&C*:3,% #3+-*%& (%*%$-&6*, 5$<(%&+ <&7&:,& :*.3,%&%&+
+33-.(:&'()*),
3. #3/-2(:& 3,73:'&,
4. #-(,$,%/3 (7( 3.,$,%/3 <37&.
J/&+( .*3 %-*<& ,("*%-(9:3 #3,"&%-&%( $ 3.:3,$ :& #373>&) 57&/* ( 
/-&%&, -$+$, %-$#&, +&-7('*, $39(%( &:%*-(3-:( ( #3,%*-(3-:( :&5(<, #3.(5:$%( 
+$+, .& 7( <3+3/( 3,%&)$ )*.:&+( (7( ,$ 3<3-*:(, #-3/*-(%( #3+-*%* +$+3/& $ 
*+,%*:;()(, D7*+,()(, -3%&'()(, '(-+$".$+'()(, &<.$+'()(, &..$+'()(, +37*:&, 
#-3'*:(%( ,%&<(7:3,%, D7*+,()$, *+,%*:;()$, ;573<3/* ( ,%3#&7&, #-3/*-(%( 
.3-;(D7*+,()$, #7&:%&-:$ D7*+,()$, */*-;()$ ( (:/*-;()$, $ %3+$ D&;* 6(1&6& ( 
D&;* 3,73:'& (91, 92).  
1.3.2.1. $3E5897583 < H?A< ?>?D9 >9 ;?=B?F36?: 9:;<=9758?: 
1.3.2.1.1. 1'7./#-./' +". ,8#", +'(0& 
F-*+3"*-:& D7*+,()& +37*:& #-( $.&-$ #*%3" :&,%&)* (; /(2* -&;735&: 
3<(9:3 )* %3"* $;-3+ #-*/(2* +-$%3 #*%:3 )&,%$9*. N*>(2%* "3;* <(%( #-*/(2* 
&:%*-(3-:3 #3,%&/0*:3 $ 3.:3,$ :& ,%3#&73. F&'()*:% :()* $ ,%&6$ .& #-$>( 
&.*+/&%&: 3%#3- D7*+,()( +37*:&, )*- ("& 3,*4&) <37& :&. .(,%&7:3" %(<()3". 
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H;-3+ "35$ .& <$.$ ,7&<( "(2(4( +/&.-('*#,a ( 732& 3<$+&. ?*.3,%&'( 
,$#-3%:( 3/(" $;-3+$)$ #-*/(2* $,#3-*:$ D7*+,()$ +37*:& #-( $.&-$ #*%3". !+3 
#&'()*:% #3,%&/( '*:%&- 5-&/(%&'()* :&#-*. #-( $.&-$ #*%3" %&+3 2%3 4* ,* 
,&/(%( $ ,%-$+$, ;:&9( .& 3,*4& <37 $ .(,%&7:3" .*7$ %(<()* (7( ("& ,7&<* 
"(2(4* +/&.-('*#,& (93). 
1.3.2.1.2. 1'7./#-./' , &'9,6#). 0%*0$-# 
E,:3/:* .*/()&'()* 3 3/3) D&;( ,$ "*.()&7:& (7( 7&%*-&7:& (,%$-*:3,% 
+37*:&. E/3 )* 3<(9:3 $;-3+3/&:3 :*#-&/(7:(" #373>&)*"  ,%3#&7& $ 3.:3,$ :& 
7*>(2%*. F-*+3"*-:& D7*+,()& +37*:& $ "*C$D&;( 3,73:'& "3>* <(%(  
$;-3+3/&:& .3-;(D7*+,()3" ,%3#&7&, &:%*-(3-:(" :&5(<3" 7*>(2%a (7( ,$/(2* 
&:%*-(3-:(" #373>&)*"  7*>(2%a :&. ,%3#&73" (93, 94). 
1.3.2.1.3. 1'7./#-./' +". 085#-.7#:, %(0+#*# 
?&57& D7*+,()& +37*:& )* 3<(9:3 $;-3+3/&:& ,$/(2* &:%*-(3-:(" 
:&5(<3" 7*>(2%a, ,$/(2* &:%*-(3-:(" #373>&)*"  7*>(2%a :&. ,%3#&73" (7( 
#-*+3"*-:3" .3-(D7*+,()3" ,%3#&7&. ?*.3,%&'( ,$#-3%:( 3/(" $;-3+$)$ :&57$ 
*+,%*:;()$ +37*:& #-( 3.<&'(/&6$ :3>:(1 #-,%()$ (93, 94). 
1.3.2.2. $3E5897583 < H?A< ?>?D9 >9 69=B?F36?: 9:;<=9758?: 
E,3<* ,& :&%+37*:3" &"#$%&'()3" "35$ .& ("a)$ .*/()&'()* ,7(9:* 3:(" 
+3)* ("&)$ 3,3<* ,& #3%+37*:3" &"#$%&'()3" (93, 94). 
1.3.2.2.1. 1'7./#-./' +". ,8#", +'(0& 
M*.:& 3. .*/()&'()& #-( $.&-$ #*%3" )* #373>&) #-3%*%(9+35 ,%3#&7& ,& 
:3>:(" #-,%("& 3+-*:$%(" $:$%-&, 2%3 )* $57&/:3" $;-3+3/&:3 "7(%&/(" 
#&%-0+3", /(2+3" "*+35 %+(/& (7( :*&.*+/&%:& /*7(9(:& 7*>(2%& (95). M*.&: 3. 
$;-3+& )* #-*/(2* +-$%3 #*%:3 )&,%$9*. F3:*+&., #&'()*:% #3+$2&/& .& #3,%(5:* 
/*4$ ,%&<(7:3,% +37*:& ;&<()&6*" #*%* $ #3. (7( :&"*-:(" -3%(-&6*" ,%3#&7&, , 
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3<;(-3" .& +37*:& )*.(:('& #-3%*;* :* "3>* .& ,* ,&/()* 3,(" &+3 6*:& 3,& :()* 
/*-%(+&7:& $ 3.:3,$ :& #-&/&' +-*%&6&. ?*,%&<(7:3,% +37*:* )*.(:('* )* 
$;-3+3/&:& ,$/(2* &:%*-(3-:(" #373>&)*" +37*:& $ 3.:3,$ :& %*>(2:$ 7(:()$ 
(95). F-35-*,(/:3 $/*4&6* D7*+,(3:* +3:%-&+%$-* +$+& "3>* .& :&57&,( 3/&) 
#-3<7*". 
1.3.2.2.2. 1'7./#-./' , &'9,6#). 0%*0$-# 
N&%*-&7:3 ,&/()&6* %-$#& ,* )&/0& +a.a #3,%3)( <37 $ #-*#3:&"& (7( :& 
.(,%&7:3) 7&%*-&7:3) ,%-&:( :&%+37*:35 #&%-0+&. K*C* ,* )&/0& ( +&. #3,%3)( 
&<.$+'(3:& +3:%-&+%$-&. R$:+'(3:&7:& .$;(:& )* +3"<(:3/&:& .$>(:& #-3%*;*, 
9&-&#& ;& #&%-0&+ ( #&%-0+&. !+3 )* #-3%*;& D$:+'(3:&7:3 ,$/(2* +-&%+&, )*- 
#&%-0&+ ,$/(2* .$<3+3 $7&;( $ 7*>(2%*, .37&;( .3 7&%*-&7:35 ,&/()&6& %-$#& 
#&'()*:%& (95). @,%3 ,* .*2&/& ( &+3 )* #&'()*:% :*,(5$-&: (7( ("& 732 <&7&:,. 
F-*+3"*-:& 73-.3;& $ "*C$D&;( 3,73:'& $57&/:3" )* $;-3+3/&:& D7*+,(3:3" 
+3:%-&+%$-3" +$+&. E,%&7( $;-3'( $+0$9$)$ ,7&<* *+,%*:;3-* +$+& (7( ,7&<* 
&<.3"(:&7:* "(2(4* (95, 96). @,1()&7::( %$<*- "3>* .& <$.* 732* #3,%&/0*: :& 
(,1()&7:3" ,*.(2%$ ;<35 :*.3/30:35 3,73:'& $,7*. ,$/(2* &:%*-(3-:35 
#373>&)& 7*>(2%& :&. ,+&-#3/(" %-3$573". J/* 3,3<* ,& <(7&%*-&7:3" 
:&%+37*:3" &"#$%&'()3" ("&)$ #-*+3"*-:$ 7$"<&7:$ 73-.3;$ $,7*. #3-*"*4*:* 
*+,%*:;()* +$+&. 
1.3.2.2.3. 1'7./#-./' +". 085#-.7#:, %(0+#*# 
?&)9*24& .*/()&'()& $ 3/3) D&;( )* -3%&'()& #*%* $ :*+3" 3. ./& #-&/'&. 
G3"* )* :&)9*24* $;-3+ ,7&<& "$,+$7&%$-&. M*.&: 3. $;-3+& "3>* <(%( .& )* 
#&'()*:% #35-*2:3 3<$/&3 #-3%*;$, :&-39(%3 &+3 +3-(,%( J(7*,()*/ #3)&, +&3 
,$,#*:;()$ (95, 96). H -*%+(" ,7$'&)*/("& )* $;-3+ 732* '*:%-(-&6*. E,:3/:& 
.*/()&'()& #-( 3.<&'(/&6$ #-,%()$ 3. #3.735* )* :*"35$4:3,% D7*+,()* +37*:35 
;573<&. H;-3+ %3"* )* #-*+3"*-:& #7&:%&-:& D7*+,()& ,%3#&7& (7( ,$/(2:& 
D-(+'()& $ +37*:$. 
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1.3.2.2.4.  1'7./#-./' , 6#). :.;#:# 
!+3 )* 3,:3/:( '(0 #-3%*%(9+* -*1&<(7(%&'()* +3"#*:;&'()& 
D$:+'(3:&7:35 .*D('(%&, $,73/ ;& D$:+'(3:&7:$ +3"#*:;&'()$ )* "&+,("&7:3 
#-*:32*6* -*;(.$&7:35 #3+-*%& ( ,:&5* %*7& :& #-3%*%(9+3 #3"&5&73. 8& <( ,* 
3/3 3,%/&-(73 :*3#13.:3 )* 3,%/&-(%( 9/-,%$ /*;$ (;"*C$ #-3%*;* ( #&%-0+&. 
1.3.3. Q!2-)*#2%L2* $,L#"* '/#(,R, (L,S*1(E) 
 F-(73+3" #-3%*%(,&6& #a%-0&+ ,* ,"*2%& $ .*3 #-3%*;*, +3)( ,* ;3/* 
7*>(2%* (97). H,#*1 #3,%(>*"3 &+3 )* #&%0&+ .3<-3 #-(#-*"0*:, &+3 )* 9/-,%, 
3.:3,:3 &+3 :& "(:("$" ,/*.*"3  -*7&%(/:( #3+-*% (;"*C$ #&%-0+& ( 7*>(2%&. 
83<-3 3.&<-&:& +3:'*#'()& 7*>(2%& ( 6*53/3 (:.(/(.$&7:3 #3.*2&/&6* /3.* +& 
$,#*1$ .!
F-(7(+3" +3:,%-$+'()* %-*<& (;<*4( :*#3>*0:( ";573<" (;"*C$ #&%-0+& 
( 7*>(2%&. P-*%&6& $ %&+/3" ;573<$ ,$ /*4& $+37(+3 )* "&,& "*+(1 *7*"*:&%& 
/*4& $ 3.:3,$ :& +3,%. 8&0*, <(%:& )* +$:,%-$+'()& 7*>(2%&, D$:+'(3:&7:3,%, %* 
#-3,%3-:& $-&/:3%*>*:3,% 7*>(2%& (96). N*>(2%* ,/3)(" #-(%(,+3" :& "*+& 
%+(/& "*6& D3-"$ #&%-0+&. N*;(2%* #-*:3,( %*>(:$ %*7& #-*+3 #&%-0+& :& 
#3.735$ ( $ D&;( 3,73:'& :& )*.:$ :35$ )* "&+,("&7:3 3#%*-*4*:3 (97). H D&;( 
6(1&6& :35*, "3-& :&,$#-3% %3"* .& 3,(5$-& .3<-$ -*%*:'()$ #-3%*;* ( .& ,#-*9( 
+7(;&6* #-3%*;* ,& #&%-0+&. G&+3C*, +3:,%-$+'()& 7*>(2%& "3-& .& 3,(5$-& 
D$:+'()$ $ ,/(" #-*./(.(/(" #373;&)("& /&: D$:+'()* 13.&6&, +&3 :#-.,*.*6&. 
P3. #-*:32*6& 3#%*-*4*6& <(%:3 )* .& ,* #-(%(,'( -&,#3-*.* :& '*7$ #3/-2(:$ 
#&%-0+&. K3. #&%-0+& 5.* )* */(.*:%:& #-3"(:*:'()& +3,%(, .37&;( .3 
+3:'*:%-&'()* #3/-2(:,+35 .*73/&6& #-(%(,+& ( :& %&) :&9(: $5-3>&/& ,* 
(:%*5-(%*% +3>* ( #3%+3>:35 %+(/& (97, 98). J&"3 -&/:3"*-:3 -&,#3-*C*:( 
#-(%(,'( 3,(5$-&/&)$ .3<-$ '(-+$7&'()$ ( :* .3#$2%&)$ ,%/&-&6* #3.#-(%(,+& $ 
.(,%&7:3(" .*7$ #&%-0+&, & %("* ;&,%3):( *.*" ( '()&:3;$. @,%3/-*"*:3 ,* 
,"&6$)* #,*$.3-&-%-3;& $ /*;( +3:%&+%& #&%-0&+-7*>(2%*.  
?*-&/:3"*-:& -&,#3.*7& #-(%(,&+& )* :$>:&, )*- ( ,&" #&%-0&+ :* 
#-*.,%&/0& +3>:( 3+-&)&+ (,#$6*:  13"35*:3" %*+$43" "&,3", :*53 %+(/("& 
-&;:(1 +3:;(,%*:'()& :*#-&/(7:3 -&,#3-*C*:(1 (98). 8&0*, :*#-&/(7&: -&,#3-*. 
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#-(%(,&+& )* #3%-*<&: ( ;<35 '(0&:35 3#%*-*'*6&, :& #3)*.(:(" "*,%("& , '(0*" 
#3)&'&:35 3,73:'& ( /3C*6& #-3%*;*. P3. :&%+37*:(1 #-3%*;& 3#%*-*4*6* )* 
#-*%*;:3 35-&:('*:3 :& ,*.&7:3" #-,%*:$, #3,*<:3 :& %$<*-$ ,*.:* +3,%( (98, 99). !
E,(" :*-&/:3"*-:* -&,#3.*7* #-(%(,&+&, :&,%&)* ( "3"*:% ,(7* (3+-*%:( 
"*"*:% %)./*+%3-,+& /*7('(:&, +3)& )* )*.:&+& #-3.$+%$ ,(7* -&.() /*+%3-& ( 
,(:$,& $57& "*C$ 6("&), ,& '*:%-3" $ "*,%$ 3,73:'&  :& ,*.&7:$ +3,% ( ,(73" 
%*>(:* %*7& (100). E/3" "3"*:%$ ,$#-3%,%&/0*:& )* ,(7& +3)& .*7$)* #-*+3 
#3,%-&:(9:35 ( .(,%&7:35 +3:%&+%&. U*7(9(:& .(,%&7:35 +3:%&+%& /&-(-& ;&/(,:3 
3. %(#& ( 3#%*-*%0(/3,%( #&%-0+&. G*-"(:&7:& 3#%*-*%0(/3,% #&%-0+& ;&/(,(
#&+ 3. +3:D(5$-&'()* #-*3,%&7* +3,%( ( 1/&%(2%& "$,+$7&%$-*. F$:$ %*-"(:&7:$ 
3#%*-*%0(/3,% ("&)$ ,&"3 *5;&-%(+$7&'()* (+37*:3) (7( #&+ #&%-0'( +3. +3)(1 )* 
$9(6*:& 3,%*3#7&,%(+& 3+-&)+& +3,%( ( %("* 3,(5$-&:& "*1&:(9+& %*-"(:&7:& 
3#%*-*%0(/3,% ,7(9:& +&3 +3. *5;&-%(+$7&'()* (100, 101). E<;(-3" .& ,* #&%-0&+ 
$ 7*>(2%$ :&7&;( #3. :*D(;(3732+(" $,73/("&, )&/0& ,* )32 )*.&: #-3<7*". ! 
%3 )* #-3<7*" #-3+-/0*:3,%(, :&-39(%3 ;:&9&)&: +3. &"#$%&'()& (;&;/&:(1 
/&,+$73#&%()&"&. E/.* )* #-(,$%&: '(-+$7&'(),+( .*D('(% ( <*; "*1&:(9+35 
3#%*-*4*6&. ?*#3,-*.:3 :&+3: &"#$%&'()* :&,%$#&)$ ( #-3'*,( &%-3D()* $ "&,( 
"$,+$7&%$-* ( ,"&6$)* ,* #-3+-/0*:3,%.  F&%-0&+ .37&;( $ 7*>(2%* 5.* ,* 
-&;/()& #3.#-(%(,&+, +3)( (,%(,+$)* +-/ #-*"& #-3+,("&7:3. H D&;( 6(1&6& 
:&,%&)* ,$#-3%:3 3/3"* (;/*,%&: #3.#-(%(,&+. H +3:%-&+%:(" 7*>(2%("& 3/&+/3 
-(%"(9+3 (;"*6(/&6* #-* ( #3.#-(%(,+& #3#-("& $735$ /*:,+* #$"#* ( 
#3%#3"&>* '(-+$7&'()$. !+3 )* 7*>(2%* (;-&C*:3 ,& 3#%*-*4*6*" (,+0$9(/3 :& 
,*.&7:3" #-,%*:$, .37&;( .3 ;&,%3)& /*:,+* +-/( :& /-1$ #&%-0+& (101). !+3 )* #&+ 
#-3%*;& (;-&C*:& +&3 "/&+$"" #-3%*;&, :$>:3 :&,%&)* *.*" ( '()&:3;& #&%-0+&, +&3 
#3,7*.('& 5-$<3 #3-*"*4*:* '(-+$7&'()* (102). F3,%3)( )32 )*.&: .3.&%:( ;&1%*/ 
+3. +3:,%-$+'()* 7*>(2%&. O& :*,"*%&:( -&. "$,+$7&%$-* #&%-0+& %-*<& 
3,%&/(%( .3/30:3 #-3,%3-&. E/* ,$#-3%:3,%( )* %*2+3 #3"(-(%(, %* ,* 3,(" 
+7&,(9:(1 +-$%(1 7*>(2%&, #3+$2&/& ,& (;-&.3" *7&,%(9:(1 7*>(2%& (102). 
1.3.3.1. L3T5U=3 =@96>=5D589F6?G (;?AB?F36?G) ;9=@IB9 
L(3"*1&:(9+( ;&1%*/( #-3%*%(9+* -*1&<(7(%&'()* #3%+37*:(1 
&"#$%&'()&  ,* -&;7(+$)$ 3. :&.%+37*:(1. E,:3/:( #-(:'(# #$:35 +3:%&+%& 3/.* 
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3,%&)* :*#-3"*6*: (103). B*6& ,* -&,#3.*7& 3#%*-*4*6&, )*- #3.+37*:( #&%-0&+  
("& ;:&%:3 "&6$ "&,$ "*+(1 %+(/& $ 3.:3,$ :& +3,%. G3 , )*.:* ,%-&:* 3,(5$-&/& 
.3<-3 /3C*6* #-3%*;*, & , .-$5* ,%-&:*  #3/*4&/& 3#&,:3,% 3. 2%*%:35 #-(%(,+& 
:& +3,%&:(" #-3"(:*:'()&"&. F3,*<:(" "3.*7(-&6*" ( $;("*6*" "*-* #3. 
3#%*-*4*6*" -&,#3-*.( ,* #-(%(,&+ %&+3 .& 3,(5$-& .3<-3 /3C*6*  $; 
-&,%*-*4*6* $5-3>*:(1  "*,%&. B&+("&7&: 3,73:&' )* :& #&%*7(, ( %&+&/ %(# 
#-3%*;* ,* ;3/* FGL (Patella-Tendon Bearing) (104). E,%&7* ,%-$+%$-* ,$ 
3#%*-*4*:* ;&/(,:3 3. %37*-&:'()*. 
T7&/:3 3#%*-*4*6* #-*$;("& ( :3,( ,:&>:& %*%(/& #&%*7*. G&) 3,73:&', 
;&1%*/& #-3%(/-3,73:&' :& ;&.63) ,%-&:(, ("&)$4( $ /(.$ .& ,* ,& ;&.6* ,%-&:* 
:&7&;* 3,*%0(/* ,%-$+%$-* (+-/:( ,$.3/(, >(/'(). O&.6( ;(. "3-& <(%( :(>(, .& 
<( ,* 3"3(5$4(7& :*,"*%&:& D7*+,()& +37*:&. G3 ,* #3,%(>* 2(-3+(", #03,:&%(" 
"3.*7(-&6*" ;&.6*5 ;(.&, & -*%*:'()& ,* #3,%(>* 3<$1/&%&6*" +3:.(7& <*.-*:* 
+3,%( (104). !
1.3.3.2. L3T5U=3 C9 69=B?F363 ;@?=3C3 
?&%+37*:( #&%-0&+ :*"& %*-"(:&7:$ 3#%-*%(/3,%, +3)& <( "357& .& 
#-(1/&%( %*>(:$ %*7&. K&;735 ;& %3 ,$ "&7& #3/-2(:& #-*,*9*:* <*.-*:* +3,%( ( 
,(7&, +3)& <( $ ,7$9&)$ /*4*5 3#%*-*4*6&, <(7& ,+3:'*:%-(,&:& :& /-1$ #&%-0+& 
(103). 
P3:,%-$+'()& 7*>(2%& "3-& .& (104) : 
1. -&,#3-*. #-(%(,&+& $9(:( :*,+3.0(/(" :& "*,%$ #-3"(:(-&)$4(1
+32%&:(1 ,%-$+%$-&,
2. 3,(5$-& ,%&%(9+$ 3#%*-*%0(/3,%,
3. 3,(5$-& <(3.(:&"(9+$ #3+-*%0(/3,% #-3%*;*,
4. 3,(5$-& ,(5$-:$, "&+,("&7:3 D(+,:$ +32%&:$ #37$5$ ;& .3<-3 /3C*6*,
5. 3,%&/( .3/30:3 #-3,%3-&  ;& :*,"*%&: -&. "(2(4&,
6. 3,(5$-& ,(5$-:$ -*%*:'()$ #-3%*;* $ D&;( 6(1&6& :35* (#-3%*;*),
7. 3,(5$-& :*,"*%&:$ '(+$7&'()$ +-/( $ #&%-0+$.
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!. 1. F$:( +3:%&+% $ ;:&%:3) "*-( -&;:3,( 3#%*-*4*6* ( -&,%*-*4$)* 
$5-3>*:& "*,%&. H; .3.&%:* #-3,%3-:* (:%*-/*:'()* :& "3.*7$ -*.$+$)* ,* 
73+&7:( #-(%(,&+ :& "(:("&7:$ "*-$ (103). 
!. 2. 83<-& ,%&%(9+& 3#%*-*4*:3,% "35$'& )* )*.(:3 &+3 )* 7*>(2%* $ 
#$:3" +3:%&+%$. G("* ,* (;<*5&/& 73+&7:& <37:3,% ( 3#&,:( #-(%(,'(, & 
&"#$%(-:& 3,3<& .3<()& 3,*4&) ,%&<(7:3,%(. F-*.6( ;(. $/*+ "3-& <(%( /(2( ( 
+3:+&/&: $ 3.:3,$ :& ;&.6(. G("* ,* #3%(,+$)* %$<*- :& ,*.(2%* (103). 
!. 3. F-(7(+3" #3+-*%& "*6& ,* D3-"& #&%-0+& ( #-3,%3-:( 3.:3, 
#-*"& :*#-3"*:0(/3" 7*>(2%$. N>(2%* "3-& .& ;&.->( D$:+'()$ $ -&;:(" 
#373>&)("& #&%-0+& ( $ ,/&+3" .& 3,(5$-& ;&.3/30&/&)$4$ $.3<:3,% (104). 
!. 4. P32%&:& #37$5& #&%-0+& ,* :&7&;( $ 3<(7:3) "&,( "*+(1 %+(/&, %* 
,/&+3" *D*+%(/:3" #3+-*%$ #-*.,%3)( (;/*,%&: "#-&;&: 13.". P32%&:& #37$5& ,* 
#-*"*2%& +-3; "&,$ "*+(1 %+(/&, #-* :*53 2%3 $,7*.( #3+-*% #-3%*;* (104). 
I(0&:("  "3.*73/&6*" 7*>(2%& ,"&6$)* ,* #-&;&: 13. ( #3<302&/& 
/3C*6* #-3%*;*. N*>(2%* #-3%*;* :* "3>* .& ,* 3<7(+$)* #&,(/:3, <*; #-(,$,%/& 
#-3%*;*, /*4 ,* 3<7(+$)* &+%(/:3 #-*"& #&%-0+$ $ 3<7(+$ ( /37$"*:$ 
3#%*-*4*:35. G3 ;:&9( .& #&%-&0+ %-*<& 3<7(+3/&%( $; ,/*,:3 9$/&6* D(;(3735()* 
%+(/&. ?*+&.&26(" 9*%/-%&,%(" 7*>(2%*" (+3)* ,* )32 $/*+ $#3%-*<0&/&), 
:*+3:%&+%:(", ,& 3#%*-*4*6*" :& ,*.&7:3" #-,%*:$, ,* :*4*"3 3#%*-*4(/&%(, 3:3 
%-*<& .& #-(#&.:* #-3273,%(. 
8&:&, ,$ &+%$*7:* ./* +3:'*#'()* (104): 
-  $;.$>:3 ( 
- #3#-*9:33/&7:3 7*>(2%*. 
F3#-*9:33/&7:3 7*>(2%* #-3(;(7&;( (; %-&.('(3:&7:35 :*+3:%&+%:35 
7*>(2%&. F-*:3, ,(7& $ #3#-*9:33/&7:3" 7*>(2%$ :* (.* #-*+3 57&/('* D*"$-&, 
:*53 ,$#,%(%('(),+* $#3-(2:* %&9+* %$<*-& ,*.&7:* +3,%( ( -*.$+3/&:35 
,*.&7:35 #-,%*:&. O&%3, %* ./* $#3-(2:* ( -3%&'(3:* %&9+* :(,$ :& (,%3" "*,%$, 
;& +$+ ( %$<*-. N&%*-&7:( 3,73:&' )* #3%-*<&: .& <( ,"&6(3 :&5(6&6* +&-7('*, 
%* &..$+$)* #&%-0&+ $ 7*>(2%$ ( %("* .3#$2%& 13-(;3:%&7:$ ,%&<(7(;&'()$ 
+&-7('* $ D-3:%&7:3) -&/:(. !+3 :*"& 7&%*-&7:35 3,73:'& $ #3#-*9:33/&7:3" 
7*>(2%$, :* D$:+'(3:(2* ,%&<(7(;&'()& +&-7('*. E/&+&/ %(# 7*>(2%& 





;&.3/30&/& D(;(3735()$, 3,(5$-&/& /*:,+$ #$"#$. ?*.3,%&%&+ "$ )* $#&.0(/3 
#3,%-&:(9:3 2*#&6* ( /*7(+& #,*$.3&-%-3;&. P3. +-&%+(1 #&%-0&+&, :&,%&)* ( 
#-3<7*" /3C*6& #-3%*;* (104). 
 
1.3.3.2.1. <)8,=$0-07#*$0 *'=.>(' 
    
 H;.$>:3-3/&7:3 7*>(2%* ".*D3-"(2*" #&%-0&+ $ $;.$>:3" ,"*-$, 
3<$1/&%& #&%-0&+ #-3+,("&7:()*, & %$<*- )* %&+3C* 3<$1/&4*: 7*>(2%*". L*.-*:& 
+3,% ( %$<*- $+736*:( ,$ $ 7*>(2%$, & &+,()&7:$ 3#%*-*%0(/3,% 3,(5$-&/& 
1(.-3,%&%,+( #-(%(,&+ $ %+(/$ (104). F&%-0&+ )* 3#,+-<0*: $ &.$+'()(, .&+7*, ,& 
:&#*%3" 57$%*&7:3" "$,+$7&%$-3", & ,& %(" ,%&<(7:(" .->&6*" +&-7('* $ D&;( 
3,73:'& :& )*.:$ :35$. H $,#*2:3) -*1&<(7(%&'()( "35$4* )* #3,%-&:(9:3 2*#&6* 
#3%#$:3 $+73:(%(.  
E/&) %(# 7*>(2%& )* .&:&, ,/$.& #-(1/&4*:. @:.(+&'()* ;& $;.$>:3-3/&7:3 
7*>(2%* ,$ ,/* #-/* &#7(+&'()*. E/& %*1:(+& ;&1%*/& /*4$ #-*'(;:3,% $ -&.$.  
H7&;:( .*3 7*>(2%& )* <7&53 +/&.-&%&,%, $>* "*.()&7:3, 2%3 $;-3+$)* 
%*:.*:'()$ 7&%*-&7(;&'()* #&%-0+& ( 2%(%( 3,*%0(/* "*.()&7:* ,%-$+%$-* (105). 
U*7(9(:& "*.()&7:35 #-3,%3-& 3.-*C*:& )* #373>&)*" %$<*-& ( +$7(,3" 
&..$+%3-&. E,%&)* .3/30:3 #-3,%3-& ;& -&. "$,+$7&%$-*, ;&/(,:3 3. D&;* 
+3:%-&+'()*. K*%*:'()& #-3%*;* ,* #3,%(>* +3"<(:3/&:3. E,:3/:( $,73/ )* #$:( 
+3:%&+% #3.$#-% ,& #3.#-(%(,+3" $ .(,%&7:3" .*7$ 7*>(2%&. K*%*:'()$ .&0* 
3,(5$-&/& %-31&:%*-,+( +-$5 (105). P3. +-&%+(1 ( /37$"(:3;:(1 #&%-0&+&, 5.* 
%&+/& -*%*:'()& :* ;&.3/30&/&, #3,%&/0& ,* ,$,#*:;()& #-*+3 #*7/(9:35 #3)&,&. 
F-( %3" )* <(%:3, .& ,* /3.( -&9$:& .& 1/&%:* %&9+* #3)&,& .(-*+%:3 $%(9$ <(%:3 
$%(9$ :& D$:+'()$ #-3%*;*. 
F-*"*2%&6*" 1/&%(2%& ,& #-*.6* ,%-&:*, $ #-3)*+'()( 57&/* <*.-*:* +3,%(, 
+3:%-37(2*"3 (104, 105): 
- #3"('&6* %&9+* #-*"& /&:-,#30:$ -3%&'()$, 
- #-*"& $:$%-&-$:$%-&26$ -3%&'()$, 
- #-*"& .(,%&7:3-&..$+'()$ #-3%*;*. 
U(,(:& 7&%*-&7:* D(+,&'()* 3.-*C$)* :&#*%3,% #3)&,& #-( ,*.*6$ $ 
3.:3,$ :& ,%&)&6*. 83<-$ #3+-*%0(/3,% 3"35$4&/& ,&"3 #$:( +3:%&+%. F-*7&,+3" 
(; D&;* 3,73:'& $ D&;$ 6(1&6& (;"*6$)* ,* #-* ( #3. #-(%(,&+, +3)( #-*$;("& 
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$735$ /*:,+* #$"#*. @"#*-&%(/ #$:35 +3:%&+%& )*, .&+7* :*;&3<(7&;&: $ "3.*-:3) 
#-3%*%('( ( #3%#$:3 )* ,(5$-:3 .& ,* 9*%/-%&,%& 7*>(,%& :* <( %-*<&7& 
#-("*6(/&%( (106). 
1.3.4. &,0%2*J-* * .(/!-(!/%L2* $,L#"* '/#(,R, 
N*>(2%* ,* #3,%&/0& :& +3:,%-$+'()$ +3)& #-*:3,( %*>(:$ %*7& :& 
#3.735$–:3,(/( .*3. E/&) .*3 #-3%*;* "3-& ,* (;-&C(/&%( (:.(/(.$&7:3, &7( 
.&:&, ,* ;<35 $2%*.* $ /-*"*:$ ( :3/'$, (;-&C$)* (:.$,%-(),+(, #37$53%3/ 
*7*"*:%-"3.$7. B*1&:(9+( .*73/( ,$ /*,%&9+( ;573<3/( ( ,%3#&73, &
,%-$+%$-&7:3 ,* /*;&:( ;& '*/( ( -&;7(9(%( .3.&%:( *7*"*:%( (107). K&;7(+$)$ ,* 
./& #-(:'(#& $ (;-&.( #-3%*;& (108): 
STOEJPSNSG?@ %(# #-3%*;*, (;-&C*: )* %&+3 .& ,* 3+3 7&5&:35 )*;5-&, 
+3)& $ (;-&.( ,7$>( +&3 "3.*7, #3,%&/( 9/-,%, ,#30&26( :3,(/( 3"3%&9. E/&) 
,#30&26( 3"3%&9 #-*$;("& D$:+'()$ :3,(/35 ,+*7*%&, & (;-&C$)* ,* (;  *,%*%,+(1 
-&;735& (108). 
S?8EJPSNSG?@ %(# )* ,/* -&,#-3,%-&6*:()(. F-3%*;& ,* (;-&C$)* (; 
#3)*.(:(1 "3.$7& ,& #-(#&.:(" "*1&:(9+(" ;573<3/("&. 
?&+3: ;&/-2*:* (;-&.* :&/7&9( ,* *,%*%,+(, ,#30&26( "*+&:( .*3. 
F-*.:3,% #-/* )* /*7(+& "*1&:(9+& 3%#3-:3,%. & .-$5* <-;& (;-&.& ( )*.:3,%&/:()& 
#3#-&/+& ( ,*-/(,(-&6* (108). 
1.3.4.1. -?F369 83A56579 
E#%("&7:& .$>(:& &"#$%&'(3:35 #&%-0+& (;:3,( .3 1/3 /(,(:* 
:&.+37*:35 3.:3,:3 #3%+37*:35 #&%-0+&. P-&%+( &"#$%&'(3:( #&%-0'( #-&/* 
#-3<7*", )*- )* "&6& #-*3,%&7& &+%(/:& D$:+'()& #&%-0+&, ,73>*:()* )* 
#3,%&/0&6* 7*>(2%& :& .(,%&7:( .*3 #-3%*;* ( 6*:3 '*:%-(-&6* (108). P3. 
:&%+37*:(1 &"#$%&'()&, #3,*<&: #-3<7*" )*,%* +3:,%-$+'()& +37*:* )*.(:('*. 
B*1&:(9+( ;&.&%&+ +37*:* )*.(:('* )*,%* .& $ D&;( 3,73:'& :& )*.:$ :35$, 
#-*"*,%( %*>(:$ %*7& #-*"& :&#-*. $ +3:%(:$(-&:3" #3+-*%$ #-*+3 ,%3#&7& 
#-3%*;*, & .& ,* #-( %3"* ;&.->( ,%&<(7:3,% +37*:&. F-( ,%&)&6$, +37*:3 %-*<& .& 
3,%&:* ,%&<(7:3, & ,%3#&73 $ #$:3" +3:%&+%$ ,& #3.7353" (109). H D&;( 3.(;&6& 
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#-*.6*5 .*7& ,%3#&7& 3. #3.735* "3-& .& #-$;( 2%3 "&6( 3%#3- (:('()&7:3) 
D7*+,()(. F-3<7*" ,%&<(7:3,%( +37*:& ,* -*2&/& )*.:3,%&/:3 #-*"*2%&6*" 
3,3/(:* +37*:& (;& /*+%3-& .*73/&6& ,(7* %*>* (110). P37*:3 ,* .&+7*, #3,%&/0& 
$ (;/*,%&: -*+$-/&%$" #373>&). G&+3 :&,%&)* "3"*:% ,(7*, +3)( .*7$)* $ ,"(,7$ 
,%&<(7(;&'()* +37*:&, & %3 ;:&9( ( #3/*4&: :&#3- $ D&;( 6(1&6& :35*. 
           ?&/*.*:( #-3<7*"( -*2&/&:( ,$ .$53 /-*"*:& %*1:(9+3" (;-&.3" 
)*.:33,3/(:,+35 +37*:&. @;-&.& )* )*.:3,%&/:& ( )*D%(:& ( :*+3"#7(+3/&:& ;& 
&#7(+&'()$ (111). ?*.3,%&%&+ 3/35 -*2*6& )*,%* $#&.0(/ ( :*#-(-3.&: 13. ( 
:*"35$4:3,% +3:%-37(,&6& -(%"& 6(1&6&. F-(,%$#(73 ,* .-$5(" 
+3:,%-$+%(/:(" -*2*6("& (112). "J%-(*.*" +37*:3, 3#3:&2& +3:.(7&-:* 
+3:%-$-*, & 7(5&"*:%* :&.3+:&C$)* +3>:(" %-&+&"&. E/* %-&+* 3,(5$-&/&)$ 
,%&<(7:3,% $ -&;:(" #373>&)("& ;573<& (112). 8&0*, -&.( ,* :& -*2*6("& +3)& 
3#3:&2&)$ #3+-*% +37*:&. F-* /(2* o. 40 53.(:& (;-&C*:3 )* Schede-Habermann 
+37*:3 (113). G3 )* #37('*:%-(9:3 +37*:3 +3)( 3#3:&2& #3+-*% ;.-&/35, & 
#3,%(>* ( 3.53/&-&)$4$ ,%&<(7:3,% $ D&;( 3,73:'&. A(-$ $#3%-*<$ ,#-*9&/&  
:*.3,%&%&+, & %3 )* %*>(:& (113). T*+ #3)&/& "3.*-:* %*1:3735()* ( #-("*:& 7&+(1 
&7( 9/-,%(1 "&%*-()&7& 3"35$4(7& )* (;-&.$ 9/-,%(1 ( .3/30:3 7&5&:(1 
+3:,%-$+'()& (114). H #3,7*.6* /-*"* ,* $#3%-*<0&/& %(%&:, (;/-,:(1 
"*1&:(9+(1 ,/3),%&/&, 3%#3-&: :& +3-3;()$ ( "&7* %*>(:* (115). 
B3.*-:* +3:,%-$+'()* +37*:& 3"35$4&/&)$ ,-*.(2%* #3+-*%& $ #3%#$:3 
(,#-$>*:3" #373>&)$ /(2* #-3+,("&7:3 :*53 (;&, 2%3 .&)* .3<-$ ,%&<(7:3,% $ 
D&;( 3,73:'& (116). 
F-3+,("&7:()( #373>&) ,"&6$)* $)*.:3 "3"*:% *+,%*:;()* +$+&, 
#3%-*<:35 ;& +3:%-37$ D7*+,()* +37*:&. J& ,/* /*43" D7*+,()3" '*:%&- ,* #3"(9* 
#-*"& :&#-*. ( .(,%&7:3 ( 37&+2&/& D7*+,()$ (116). 
F3,%3)( )32 )*.&: :&9(: ,%&<(7(;&'()* +37*:&, & %3 )* +37*:3 ,& 
;&%/&-&9*". P37*:3 ,* D7*+,(-& ,&"3 ;& ,*.*6*, & ;& 13. ,* <73+(-& $ *+,%*:;()(. 
=3. )* :*#-(-3.&:, :&#3-&:, ( +3-(,%( ,* ,&"3 $ (;$;*%:(" ,7$9&)*/("& (117). 
              P3:,%-$+'()* , #3+-*%:(" +37*:3" #3+&;$)$ ;<35 #&,(/:3,%( 
+-*%&6& D*:3"*: 6(1&6&. ?*.3,%&%&+ "$ )* :*#-3"*:0(/& D-*+/*:'&. 
K*5$7(,&6* ,* #3,%(>* &"3-%(;*-3" #-3"*:0(/* D-(+'()*, 3.:3,:3 
(:.(/(.$&7:(" #-(7&53C&/&6*" (118). 8&:&, )* #-*/&;(C*: ( #-3<7*" 
#-(7&53C&/&6& -(%"& #-3"*:0(/3" <-;(:3" +-*%&6& &"#$%(-&:* 3,3<*. 





J&/-*"*:3 -*2*6* )*,%*  "(+-3#-3',3-,+3  +37*:3, +3)* 50 #$%& $ ,*+$:.( 





F-3%*;* ,%3#&7& "3-&)$ .& ;&.3/30* :*+37(+3 ;&1%*/&: "*1&:(9+( 
,%&<(7:$ +3:,%-$+'()$, ,#3,3<:3,% #-(7&53C&/&6& #3 :*-&/:3" %*-*:$, "&7& 
%*>(:&, )*.:3,%&/:3 ,*-/(,(-&6*, .3<-& *,%*%(+& (120). 
=-3:3732+( /-,%* ,%3#&7& ("&7* ,$ -&;/3) $ ,+7&.$ ,& :&#-*%+3" 
%*1:3735()* #39*/ 3. Dollinger-,%3#&7& ("Stula") 3. .-/*%& ,& 5$"*:(" W*#3". 
G&+/3 ,%3#&73 ("& .3<-* "*1&:(9+* #-*D3-"&:,*, &7( :* $%(9* :& ,%&<(7:3,% 
+37*:& ( :*"& 3.53/&-&)$4$ *,%*%(+$ (121). 
H9(6*:( ,$ :&#3-( ( $ +3:,%-$+'(),+3" ,"(,7$ .& ,* :&9(:( ,&/-*"*:3 
,%3#&73. 
U*4(:& .&:&26(1 +3:,%-$+'()& ,$ %(#& SACH (Solid Ankle-Cyshion Hell) 
(122). J%o#&73 )* (;-&C*:3 3. %/-.* .-/*:* "&,*, ,& *7&,%(9:3" "*+&:3" #*%3". H 
D&;( 3,73:'&, #*%& ,* +3"-("(-&, #3/*4&/&)$4( #3/-2(:$ 3#%*-*4*6&, & #*%& ,* 
,%&<(7(;$)*. H ,7*.*4(" D&;&"& 13.& '*:%&- #-(%(,+& ,* #3"*-& #-*"& :&#-*., ( 
,("$7(-& #7&:%&-:$ D7*+,()$. S7&,%(9:& .*D3-"&'()& ,%3#&7& ,("$7(-& #3+-*% $ 
53-6*" ;73<$. E%#3- $ #-*.6*" .*7$ #3/*4&/& ,%&<(7:3,% +37*:& $ D&;( 3,73:'& 
(122). ?*.3,%&%&+ )* :*#-(7&53.0(/ 3%#3- ( :*#-3"*:0(/& /(,(:& #*%*. 
J7*.*4* -*2*6* )*,%* ,%3#&73 ,& #3+-*%:(" ",+39:(" ";573<3". T$"*:( 
&"3-%(;*- "3>* .& ,* (:.(/(.$&7:3 #-(7&53.( %*>(:( ( .& 35-&:(9( &"#7(%$.$ 
#3+-*%&. F-*.:3,% 3/* /-,%* ,%3#&7& )*: ,"&6*:( #-(%(,&+ $ +37*:$, $ ,"(,7$ 
-*+$-/&%$"&, #-(-3.:()( 13. ( "35$4:3,% :32*6& '(#*7& ,& -&;7(9(%3" /(,(:3" 
#*%* (123). ?*.3,%&+ 3/* /-,%* ,%3#&7& )* ,"&6*:& ,%&<(7:3,% +37*:& +3. 
&"#$%(-&'& ,& ,7&<()3" "$,+$7&%$-3". 
Grissinger ,%3#&73 )* #37('*:%-(9:3 ,%3#&73 (124). P3. 3/* +3:,%-$+'()* 
,* 5$"*:(" +7(:3/("& +3:%-37(2* &"#7(%$.& .3-;&7:* ( #7&:%&-:* D7*+,()*, 
3.:3,:3 #-3:&'()* ( ,$#(:&'()*. 83<-3 ,* #-(7&53C&/& :*-&/:3" %*-*:$ %* 
3"35$4&/& .3<&- 13. #3 3/+/3" %*-*:$, & :*.3,%&%&+ )* :*,(5$-:3,% +3. ,%-&-()(1 
3,3<&, ;<35 *7&,%(9:* .*D3-"&'()* $ ,/(" ,"*-3/("& (124). =(.-&$7(9:3  ( 
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+&-<3:,+3 ,%3#&73 )* $57&/:3"  ;<35 /(,3+* '*:* , +&3 ( 3.->&/&6&,   %*2+3 
.3,%$#:3 #&'()*:%$ (125). 
1.3.4.3. .BF9;9O3 ;@?=3C3 
?&+3: (;-&.* 7*>(2%& ( #-(#-*"* :3,(/35 .*7& #-3%*;*, #-(,%$#& ,* 
6*:3" +3#7*%(-&6$ ;& ,+*7*% ( 3,%&7* .*73/*. 83<-3 (;-&C*:3 7*>(2%*, $; 
#-3,%3-:* (:%*-/*:'()* :& "3.*7$, .3<-3 3-()*:%(,&:3 .&)* $ D&;( 3,73:'& #$:$ 
,%&<(7:3,% $ 13.$, <*; +7(;&6&, ;&:32*6& ( ,%/&-&6& 2%*%:(1 "3"*:&%& ,(7* 
(126, 127). J/( 3/( *7*"*:%( %-*<& .& ,$ "&+,("&7:3 .3<-3 3-()*:%(,&:( +&+3 <( 
<(7( ;&.3/30*:( ,/( #-(:'(#( +3. #-3"*:0(/(1 #373>&)& *+,%-*"(%*%&. H (,%3 
/-*"* %-*<& 3,(5$-&%( ( #&,(/:* "*1&:(9+* ;573<3/* $ 3.,$,%/$ &+%(/:(1 
,%&<(7(;&%3-&, 3.:3,:3 "(2(4&. P3. :&%+37*:(1 &"#$%&'()& ,%&<(7:3,% +37*:& 
,* #3,%(>* #-*"*2%&6*" '*:%-& 3+-*%& (;& /*+%3-& ,(7* %*>*, & %3 ,* #3,%(>* 
%&+3 2%3 ,* 3,3/(:& #3"*-( 2 '" .3-;&7:3. H ,7$9&)$ #3,%3)&6& +3:%-&+%$-* 
#-*"*2%& ,* .(,%&7:( .*3 (;& #-3%*;* (+3. .$>(1 #&%-0&+& ;& 15 ,%*#*:() (128). 
1.3.4.4. '?=B?F369 ;@?=3C9 
F3,%&/0&6* #3%+37*:* #-3%*;* 3.:3,:3 7*>(2%& $ 3.:3,$ :& ,%3#&73 ,* 
#3,%(>* :& ./& :&9(:& (129): 
1. #3"('&6*" 7*>(2%& #-*+3 ,%3#&7&,
2. #-3"*6*:(" :&5(<3" 7*>(2%&.
I*:%-(-&6* #3%+37*:* #-3%*;* ;&1%*/& ( +3-*+'()$ ,%3#&7& $ ,"(,7$ 
*/*-;()*, 3.:3,:3 (:/*-;()*. H 5*3"&%-(),+3" '*:%-$ 7*>(2%& :&7&;( ,* 
D(+%(/:( '*:%&- -3%&'()* (130). N*>(2%* ("& %*:.*:'()$ -3%&'()* 3+3 3/* %&9+*. 
B3"*:&% ,(7* :&,%&)* ( (; "3"*:%& :&#-*;&6& #&%-0+& (131). H; %3 ,* 3#(,&:( 
"3"*:%( ,(7& "*6&)$ ;&/(,:3 3. D&;* 3#%*-*4*6&. U*3"& )* <(%:3 ( .3<-3 
'*:%-(-&6* #-3%*;*, +ao ( $+7&6&6* :*#3>*0:(1 #-(%(,&+& :& #3)*.(:* .*73/* 
#&%-0+& (132). 8&+7*, $ 3/3"* .*7(+&%:3" $,&57&2&/&6$ ,/(1 +3"#3:*:%( :& 
#-3%*;(, $; #3,%3/&6* <(3"*1&:(9+(1 #-(:'(#& )* <(%:3, "3-&)$ <(%( #-("*6(:* 
( 3.-*C*:( $-*C&)( +3)( (133): 
1. #-3,%3-:3 .*D(:(2$ #373>&) 7*>(2%& (
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2. +3)( 4* .*D(:(,&:( #373>&) 7*>(2%& #-*:*%( :& .(,%&7:( .*3 #-3%*;*.
1.3.4.5. L.%...%./. - '?>=<@3 
I*:%-(-&6* #-3%*;* )* $ #-&+,( /*3"& 9*,%3 ("#-3/(;3/&:3. 8/3,%-$+( 
/(2&+ .&)* %&9:$ 3-()*:%&'()$ $ #-3,%3-$,  &7( )* %*1:(9+( .3,%& +3"#7(+3/&:3 
(;/*,%(, & .& %&9:3,% <$.* ;&,%$#0*:&. 
N.A.J.!.K. - F3,%$-& )* $-*C&) +3)( :&" .&)* (:D3-"&'()$ ( 9(:( 
"<(3"*1&:(+$" /(.0(/3" (134, 135). ?&("*, #-*"*2%&6* %*>(2%& 3. D&;* .3.(-& 
#*%* .3 3.-&;& #-,%()$ *5;&+%:3 #-&%(. 
F-("*:& $ #-3%*%('(: 
1. ,-*.,%/3 ;& "*-*6*,
2. #3"34 ;& /(;$&7(;&'()$.
8&+7*, ,#-3/3.( ,* $-&/:3%*>&/&6* ( ,%&%(9+* +3:,%-$+'()* 3-%3#*.,+(1 
#3"&5&7& (136). F-3<7*" )* $ %3"* 2%3, 2%3 ,(7* ( "3"*:%( ,(7& :(,$ /(.0(/( 
537(" 3+3" ( 2%3 ,(7* ( "3"*:%( ,(7& 3.-*C$)$ "*1&:(9+$ D$:+'()$ (137). 
H#3%-*<3" 3/35 &#&-&%& ,* #3,%(>* 3<)*+%(/:3,% ,%&%(+* :& "*1&:(9+3) 
3,:3/(. G3 )* "*-:3 ,-*.,%/3 ;& '*:%-(-&6* #-3%*;* ( <(3"*1&:(9+& 3-()*:%&'()&  
$ "3.*-:3" D$:'(3:(,&6$ #-3%*%(+* .36(1 *+,%-*"(%*%& (138). 
1.4. -#&'L*-%)*+, %&'!(%)*+, 
B3.*-:& &"#$%&'()& )* #-*'(;:& 3#*-&'()& +3)& $+7&6& <37*,:3 ( 
3,%*4*:3 %+(/3 ( D3-"(-& +3-*+%:3 3<7(+3/&: #&%-0&+ &.*+/&%:* .$>(:*, 
3.:3,:3 3:& )* %& +3)& %-*<& .& +3:,%-$(2* :3/( 3-5&:, +3)( ;&)*.:3 ,& #-3%*;3" 
9(:( :3/$ <(3"*1&:(9+$ '*7(:$. ! %3 ;:&9( .& 3:& %-*<& .& "&+,("&7:3 
#3<302& +/&7(%*% >(/3%& #&'()*:%& $; "(:("&7:( $%-32&+ *:*-5()* (139). O<35 
%35&, +3"#7(+&'()* #3,7* &"#$%&'()& ("&)$ #3,*<:$ .("*:;()$, )*- .(-*+%:3 
$%(9$ :& #-3'*, #-3%*%(,&6&.   
P3"#7(+&'()* ,* "35$ ,/-,%&%( $ ./* 5-$#*: 
A. FKSFKEGSG@VPS  
B.  FEJGFKEGSG@VPS 
H9*,%&73,% ( ,%*#*: +3"#7(+&'()& $ ":353"* ;&/(,* 3. ,&"* 
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1(-$-2+* (:%*-/*:'()* ( ,#3,3<:3,%( 1(-$-5& .& D$:+'(3:&7:3 3,#3,3<( 
&"#$%&'(3:( #&%-0&+ ;& #-3%*%(,&6*. 
1.4.1. '@3;@?=3=5PB3 B?:;F5B97583 
P3"#7(+&'()* &"#$%&'()& "35$ <(%( -&:*, 3. +3)(1 ,$ :&)9*24* 
1*"&%3"(, (:D*+'()& ( :*+-3;& (58), .3+ ,$ :&)9*24* +&,:* +3"#7(+&'()* 
+3:%-&+%$-* (140), :*$-3"( ( D&:%3",+( <37 (141). H+37(+3 $ #*-(3.$ #3,7* 
3#*-&'()* :* :&,%$#( :*+& 3. :&/*.*:(1 +3"#7(+&'()& ( +&.& .3C* .3 ;&-&,%&6& 
"*+(1 %+(/&, ;&#39(6* ,* ,& D$:+'(3:&7:(" 3,#3,3<0&/&6*" #&%-0+& ( 9(%&/* 
7(9:3,%(. O&#39(6* ,* ,& #-(#-*"3" ( (;-&.3" 3.53/&-&)$4* #-3%*;*. J/* %3 )* 
#-*."*% -&.& ,#*'()&7(;3/&:(1 $,%&:3/& :& 9*7$ ,& D(;()&%-3", #-3%*%(9&-*", 
#,(137353" ( .-$5(" 97&:3/("& -*1&<(7(%&'(3:35 %("& (142). 
1.4.1.1. #AF?T36? C9@9>=9O3 @963 
?*+37(+3 D&+%3-& #3)*.(:&9:3 (7( $.-$>*:3 "3>* $%('&%( :& 3.73>*:3 
;&-&,%&6* -&:*, & %3 ,$ (143): 
1. :*3.53/&-&)$4( :3/3 &"#$%&'()* (:&-39(%3 +3. /&,+$7&-:* *%(3735()*,
&+3 :()* .3<-3 #-39(24*: :(/3 .3/30:* '(-+$7&'()* ;& #-("&-:3
;&-&,%&6*) (143),
2. ,$<3#%("&7:& 3#*-&%(/:& %*1:(+& (;&2(/&6* #3. %*:;()3", 32%*4*6*
.(,/&,+$7&-:* 73;*, #-*/(2* ,$%$-&, #-*%*-&:& %*:;()& 2&/& :&
.(,/&,+$7&-:3" "(2(4$, 2%3 .3/3.( .3 (,1*"()* (
.*1(,'*:'()*)(144),
3. :*&.*+/&%&: #3,%3#*-&%(/:( %-*%"&: ("35$4 )* #&. :& #&%-0&+ ;<35
#-3<7*"& ,& +33-.(:&'()3", <&7&:,3", ,7&<3,%(, D&:%3",+35 3,*4&)&)
(145),
4. (:D*+'()& (:*&.*+/&%:( $,73/( 3#*-&'()* (7( 732& %3&7*%& -&:*)
(145).
J/( 3/( D&+%3-( "35$ #-373:5(-&%( #39*%&+ #-3%*%(9+* -*1&<(7(%&'()* 
2%3 "3;* #3,-*.:3 .3/*,%( .3 1(#3%-3D()* "$,+$7&%$-*, -&;/3)& +3:%-&+%$-& ( 
,7&<0*6& "3%(/&'()* #&'()*:%&.  
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1.4.1.2. 05;?=@?4589  :<>B<F9=<@3 
=(#3%-3D()& "$,+$7&%$-* "3>* <(%( #-3<7*" $ ,/(" D&;&"& 
-*1&<(7(%&'()* #&'()*:%& ,& &"#$%&'()3" (146). 8$5( #*-(3. "(-3/&6& ;<35 
<373/&, #-* &"#$%&'()*, & +&,:()* ;<35 #-373:5(-&:35 #39*%+& %-*%"&:& )*.(:3 ,* 
$#3-:(" /*><&6*" "3>* #-*/&;(4(. J7&<3,% "$,+$7&%$-* $ #39*%:3) D&;( 
$;-3+$)* ,7&<$ +3:%-37$ #-(/-*"*:(1 #-3%*;& ( (;&;(/& "*.(3-7&%*-&7:$ 
:*,%&<(7:3,%, +7*'&6* (.*/()&'()& 13.&). =(#3%-3D()& "$,+$7&%$-* $ ;&/-2:3) 
#-3%*%(9+3) D&;( "3>* <(%( $;-3+ <-3):(" .*/()&'()&"& 13.& ,& #-3%*;3". 
?&-39(%3 ,$ /&>:* *+,%*:;3-:* 5-$#* "(2(4& +$+& ( +37*:& +&3 57&/:(1 
,%&<(7(;&%-3-& #-3%*;* (146). 
1.4.1.3. %AH3@367589 B?T3 C9 B?>= ;9=@IB9 
!+3 +3>& :& /-1$ #&%-0+& :()* #3+-*%:& #-*+3 +3,%(, :*4* <(%( $ ,%&6$ 
.& %37*-(2* #-(%(,&+ #-(7(+3" 3,73:'& :& #-3%*;$. B(3.*;& (3,%*3"(3#7&,%(+&) 
( "(3#7&,%(+& ,$ ./* %*1:(+*, +3)* 3<*;<*C$)$ (147):  
- /-1 +3,%( 3<73>*: "*+(" %+(/3", 
- #-*/*:'()$ &.1*-*:'()* (:'(;(3:35 3>(0+& ;& +3,% 
P&3 /-,%& ,&"3;<-(6&/&6&, #&'()*:%("& ,* #-*#3-$9$)* 7&5&:& "&,&>& 
/-1& #&%0+& /-13/("& #-,%()$, :*+37(+3 :*.*0& #3 3#*-&'()( (:&-39(%3 +3. 
%-&,%(<()&7:* &"#$%&'()*). 
1.4.1.4. '@?=@<C589 B?>=5 
F-3%-$;()& #-*.,%&/0& +3"7(+&'()$ +3)& ,* "3>* 9*,%3 ,-*%&%( +3. 
%-&:,%(<()&7:(1 &"$%&'()& (148). H %3" ,"(,7$, -&.( 6*:* #-*/*:'()* )* 
:*3#13.:3 #-&/(7:3 3<7(+3/&6 #&%-0+&. U*4 ;& /-*"* ,&"* 3#*-&'()* "3>* <(%( 
":353 $-&C*:3 :& #-&/(7:3" 3<7(+3/&6$ #&%-0+&. P3-*+%:(" (;<3-3" %*1:(+* 
&"#$%&'()* (;<*5&/& ,* /(2&+ +3>* ( "*+35 %+(/& ( #-*/*:(-& -&;/3) *.*"&. 8& <( 
,* 3<*;<*.(7& 3#%("&7:& +3:D(5$-&'()& #&%0+& #3%-*<:3 )* (148, 149): 
- 3.53/&-&)$4* 3<7(+3/&6* /-1& +3,%( (;&-&/6(/&6* /-1&, <*; "3#(0&+&", 
+3)( <( .3/*7( .3 *5;3,%3;&), 
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- #-*+-(/&6* /-1& #&%-0+& "*+(" %+(/3", 
- <(3"*1&:(9+3 $-&/:3%*>*6* "(2(4:(1 ,(7&. 
1.4.1.5. -?6=@9B=<@3 
F-3%*;& :*(;<*>:3 #-&%( #-&/&' ( #3+-*%* &"#$%&'(3:35 #&%-0+& 2%3 $ 
,7$9&)$ +3:%-&+%$-*, +3)& #-*7&;( #-3%*%(9+( %37*-&:%:( :(/3, 3%*>&/& 
&#7(+&'()$ #-3%*;*. B:353<-3):* ,$ #3,7*.('* 3/35 ;<(/&6&, +&3 2%3 ,$ #3)&9&:( 
#-(%(,'( $ 7*>(2%$, /*4( *:*-5*%,+( $%-32&+, .*/()&'()& 13.& ( :*,%&<(7:3,% 
(140). 
1.4.1.6. ,A3: ;9=@IB9 
B&6( *.*" #&%-0+& )* :3-"&7:& #3,7*.('& 3#*-&'()* (150). !+3 )* /*4*5 
3<("&, .$53%-&)&: ( $#3-&:, "3>*"3 5& ,"&%-&%( +3"#7(+'()3" (150). G&.& 
#&%-0&+ #3,%&)* <37&: (:&-39(%3 :& /-1$), .37&;( .3 #-3"*:& #(5"*:%&'()*, 
'-/*:(7& ( $7'*-&'()& (151). F-373:5(-& ,* &#7(+&'()& #-3%*;* )*- #&'()*:% :()* 
$ ,%&6$ .& )* +3-(,%(, 9&+ )* #3:*+&. +3"#-3"(%3/&:3 $<&'(/&6* #&%-0+& $ 
#-3%*;$ ;<35 .(,#-3#3-'()*. S.*" #&%-0+& :&,%&)* ;<35: :&-$2*:* '(-+$7&'()*, 
3.,$,%/& "(2(4:* #$"#*, (:D*+'()*, .*),%/& 5-&/(%&'()*, :*&.*+/&%:35 7*>(2%& 
#-3%*;* (,%-&:5$7&'()&), +&3 &.&#%&'()& :& /&+$$" ,$,#*:;()$ ( %3%&7:( +3:%&+%, 
*+,#&:;()* "&7(5:(%*%& (152-156). 
P3. #-/35 +3-(24*6& :&%+37*:* #-3%*;* ,& /&+$" ,$,#*:;()3" ( 
#3.+37*:* ,& %3%&7:(" +3:%&+%3", $"*-*:( *.*" ( -*&+%(/:& 1(#*-*"()& ,$ 9*,%* 
#3)&/* +3)* /-*"*:3" ,#3:%&:3 #-37&;* (150). @:&9*, %-*"(: "*.*"" :&,%&)* 3. 
5-9+* -*9(, +3)& ;:&9( 3%('&6*. 8&+7*, .37&;( .3 :*:3-"&7:35 :&+$#0&6& 
,$/(2:(1 +37(9(:& %*9:3,%( $ "*+(" %+(/("& :*+(1 .*73/& %*7& (157). E/& 
-*%+&, #-3;-&9:& %*9:3,% #3%(9* (; +-/( ( :&,%&)* +&#(7&-:3" D(7%-&'()3". F3 
<3)( ;>$4+&,%&, ,&.-;( /*4(:$ 9/-,%(1 "&%*-()& ( 5&,3/& +3)( ,* :&7&;* $ +-/( ( 
(;/*,%&: <-3) +-/:(1 4*7()&. F3. :3-"&7:(" $,73/("& ,%&7:3 ,:&<.*/&6* :3/3" 
%+(/:3" %*9:324$ (; +&#(7&-& '(-+$7(2* +-3; $,+* #-3,%3-* (;"*C$ 4*7()& 
%+(/& ( ;&"*6$)* ,%&-$ %*9:3,%. E/& ,* /-&4& %3+$ +-/( #3:3/:3" &#,3-#'()3" $ 
+&#(7&-("& ( #3"34$ .3#$:,+35 #-(+$#0&)$4*5 ,(,%*"& ,$.3/& 7("D:(" 
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,$.3/("&. F3. :3-"&7:(" $,73/("& ,%&7:3 ,:&<.*/&6* ( $+7&6&6* %*9:3,%( )* $ 
-a/:3%*>(; &+3 ,* .*,( :*2%3 2%3 4* #3/*4&%( /-*.:3,% #-(%('&6& (7( ,"&6(%( 
/-*.:3,% $+7&6&6&, %*9:3,% #39(6* .& ,* :&53"(7&/&, ( .37&;( .3 #3)&/* *.*"& 
(158). 
!+3 ;(.3/( +&#(7&-& #3,%&:$ #-3#$,%0(/( /(2* :*53 2%3 )* :3-"&7:3, 
+&3 2%3 ,* #3)&/0$)* :& #-("*- +3. (:D7&"&'()*, 3:.& 4* ,* +-3; 6(1 D(7%-(-&%( 
/(2* %*9:3,%( :*53 2%3 )* :3-"&7:3. !+3 )* %3+ #3/*4&: +3. (;/3-&, +&3 2%3 ,* 
"3>* .*,(%( +3. #3/*4&:35 +-/:35 #-(%(,+&, 3#*% 4* .& (;7&;( /(2* %*9:3,%( 
(159). 
J(7& 5-&/(%&'()* ,%&7:3 /$9* :&,$#-3% 7&5&:3" %3+$ #-*"& ,-'$ (; /*:& ( 
7("D:(1 ,$.3/&. ?3-"&7:3, &+%(/:( "(2(4( .36*5 *+,%-*"(%*%& .*7$)$ :&,$#-3% 
5-&/(%&'()* ,/3)(" #$"#:(" *D*+%3" :& #3/-&%:$ '(-+$7&'()$. 
J(,%*" /*:%(7& 3.->&/& %3+ $ )*.:3" #-&/'$ #-*"& ,-'$ $ /*:&"& ( 
7("D:(" ,$.3/("&, #3"34$ ,(7* +3)& 5$-& :&#-*., & +3)& #3%(9* 3. :&(;"*:(9:35 
#-(%(,+& :& +-/:* ,$.3/* $,7*. +3:%-&+'()* "(2(4&. F3,7* &"#$%&'()* "3>* ,* 
(;5$<(%( ":353 *D*+%& #$"#:* &+'()* "(2(4&, .3+7* 53. ,* #-*,*9*:( +-&)*/( 
"(2(4& :& #-(9/-,%* (160). 
1.4.1.7. '@?:363 < E3F5P565 ;9=@IB9 
!+3 #&%-0&+ :()* 3<&/()*:, (7( &+3 :()* $ 7*>(2%$, "35$4* ,$ #-3"*:* $ 
3<("$ $ %3+$ .&:&, 9&,3/&, "(:$%& (161). P3. "*+(1 *.*"& 3,%&)$ %-&53/( :& 
#-(%(,&+ $ .3%(9:(" %&9+&"&. P3. ,%&6& (:.$-&'()* (7( ,%/-.6&/&6&, +&.& +3. 
#&'()*:%& ,%&6* *.*"& %-&)* :*+3 .$>* /-*"* ( %&.& :* 3,%&)* $.$<0*6* :& 
#-(%(,&+ $ .&%(" %&9+&"& :& &"#$%&'(3:3" #&%-0+$ (162). E<(9:3 ,* -&;/()& :& 
/-1$ &"#$%&'(3:35 #&%-0+& ( ":353 ,#3-()* -*&5$)* :& %-*%"&: :*53 "*+ *.*". 
!+3 #3,%3)( *.*", :&<3- +3>* 4* <(%( .*<0(, #$:()( ( 9/-24(, :*53 :&<3- :& 
,$#-3%:3) :3;( (163). ?& +3>( +3)& )* 3%*9*:&, $,7*. *.*"&, 3>(0'( "35$ <(%( 
-*7&%(/:3 $/$9*:( (,#3. #3/-2(:*. F3:*+&. ,* "35$ /(.*%( #-( ,/*%7$ 
$.$<0*6& +&3 :& +3-( 3. #3"3-&:W* (163, 164). 





1.4.1.8. .3B<6A9@63 ;@?:363 
 
1.4.1.8.1. 1.%20*0"#-./# +0%*' 2"7#"':# , 20). 
- '-/*:& <3)& )* #3,7*.('& &+$%:35 +-/&-*6& (; (,+(.&:(1 +-/:(1 ,$.3/& 
(165), 
- '-/*:+&,%3-<-&3: <3)& .3 "3.-* $+&;$)* :& #(5"*:%* (; #-*%13.:* 
1*"3-&5()* (165, 166), 
- "-+& .3 >$%* :()&:,* $+&;$)* :& (;<7*.*7* #(5"*:%* 3. ,%&-* 
1*"3-&5()* (165, 166) 
 
1.4.1.8.2. ?*.207. . 370".@. $# 7";, +#("A2#  
 
F7(+3/(, /*;(+$7*, (,#$6*:( %*9:3,24$ :&)9*24* ,$ #3,7*.('* ,(7& 
%-*6&. @;-&,7(:* (7( 9/3-(4( :& /-1$ #-*.,%&/0&)$ #3,7*.('$ *.*"&%3;:(1 
#-3"*:& (167, 168).  
  
1.4.1.8.3. B#%(0/$. 8'"&#(.(.% 
 
F&%0&+ )* 3%*9*:, %*"#*-&%$-& +3>* )* #3/*4&:&, )&/0& ,* '-/*:(73, 
#3:*+&. ,/-&<, 3,*%0(/3,%. @,%* #-3"*:* "35$ ,* )&/(%( $ ,7$9&)$ (:D*+'()* (7( 
+3:%&+%:35 .*-"&%(%(,&, %&+3 .& .(D*-*:'()&7:3 .()&5:3,%(9+( 3<-&4&"3 #&>6$ 
:& 3/* "3"*:%* (169, 170).  
 
1.4.1.9. '?C63 B?:;F5B97583 
 
1.4.1.9.1. 1,502# ,*-'"#-./#  
 
F3-*. .$53%-&):35 #-(,$,%/& *.*"& +&3 $;-3+& 3/* +3"#7(+&'()*, "3>* ,* 
+&3 $;-3+ 3/* #3)&/* :&4( .()&<*% (7( <37*,%( ,-'& (171, 172). 
 
1.4.1.9.2. C'",20)$# ;.+'"+*#)./# 
 
L-&.&/('*, #739&,%* (;-&,7(:*, ,& .$<3+(" #$+3%(:&"&, 9*,%3 
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,*'*-:(-&)$ +-/ (7( 5:3). K*%+3 .37&;( .3 #3)&/*  +&:'*-3;:(1 #-3"*:& :& "*,%$ 
;&#$2%*:(1 $7'*-&'()&. @,%* ,* 7*9* "*.('(:,+3" :*53", +3"<(:3/&:3 ,& .3<-3 
<(3"*1&:(9+( $,%-3)*:3" #-3%*;3", +3)& ,%/&-& #-&/(7&: ,$#-3%&: #-(%(,&+ :& 
/-1$ #&%-0+& (173). 
1.4.1.10. .;37545P65 P565?75 
1.4.1.10.1. D.).320 %(#:' #&+,(."#$04 
F-*/*7(+& %*>(:& +3. #&'()*:%& "3>* .& #-3$;-$+$)* "56*9*6*" %+(/& 
+3. :32*6& #-3%*;*, &+3 ,* $53)(3 :&+3: 2%3 )* 7*>(2%* (;-&C*:3 (174-176). 
1.4.1.10.2. E&+,(#-./#: $'+0%"'8#$ '6'2#( 
F3,7* 3#*-&'()* )* :*"(:3/&: :&,%&:&+ /*7(+35 *.*"&. =(-$-5 :&.57*.& 
:*5$ #&%0+&, +3:%-37(2* *.*" ( #-(#-*"* ;& :32*6* #-3%*;* $ %(",+3) 
*/&7$&'()( ,& 3,%&7(" 97&:3/("& %("& (150). 
1.4.1.10.3. E&+,(#-./#: $'+".37">@'$. &.>.@. $# 7";, +#("A2# 
F3:*+&., #-*,*9*:(, :*;&2(/*:( +-&) "(2(4&, #32%3 ,* #3/7&9( ( 
.*5*:*-(2*, "3>* #3,%&%( "7(%&/& "&,&, +3)& ,#-*9&/& '(-+$7&'()$ ( $:(2%&/& 
#$"#:$ &+'()$ "(2(4&. V*,%3 )* /*3"& %*2+3 .& ,* +3:%-37(2* *.*" +3)( ,* )&/0& 
+&3 #3,7*.('& %35& (159, 160). 
1.4.1.10.4. F$6*#&#-./# +#("A2# 
T7&/:( ;:&'( ( ,("%3"(: %3#73%&, '-/*:(73, 3%('&6*, 3,*%0(/3,%, <37, 
,/-&<. F3,7*.('* $ %+(/$: ,$ #3/*4&:( 73+&7:( +-/:( #-(%(,&+ ,& #3/*4&:3" 
#-3#$,%0(/324$ +&#(7&-&, .&0*, #3/*4&:3 D(7%-(-&6* %*9:3,%( $ %+(/3, ( :& 
+-&)$ #3)&/& *.*"&. H3<(9&)*:( $;-3'( ,$ (:D*+'()&, +3:%&+%:( .*-"&%(%(,, 
;&,%3):( .*-"&%(%(, (177-179). 
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1.4.1.10.5. G%(#*. &'8.-.$%2. +0"'&'@#/. 
L37*,%( ,-'&, <$<-*5& ( .-$5(1 3-5&:& "35$ #-3$;-3+3/&%( -&,#3-*C*: 
*.*", +3)( ;&1/&%& &"#$%&'(3:( #&%-0&+ (,%3 +&3 ( 3,%&7* .*73/* %*7& (180-182). 
1.4.1.11. K96A9T5@9O3 
F-*/*:'()& ( ,$;<()&6* *.*"&, +&3 :&)9*24* +3"#7(+&'()* +3. 
&"#$%(-&:(1 3,3<&, :&)<30* ,* ,#-3/3.*: 
- <&:.&>3", 
-  2%3 -&:()3" &#7(+&'()3" ( (:%*:;(/:(" :32*6*" #-(/-*"*:* 
#-3%*;*-#(73:&, 
-  +3"D3-:(" 7*>(2%*" (183). 
F3,%3)( /(2* :&9(:& <&:.&>* #&%-0+& (184): 
- "*+& (7( *7&,%(9:& (#3,%(>* ,* *7&,%(9:(" ;&/3)*"), 
- -(5(.:& (5(#,3" (7( D(<*-57&,3"), 
- ,*"(-(5(.:& (5&;& :&%3#0*:& $ #3,*<:$ #&,%$), 
- /&;.$2:(" /-*4&"&. 
E,:3/:( #-(:'(# ,/&+* <&:.&>* )* .& )* #-(%(,&+ :&)/*4( :& .(,%&7:3" 
+-&)$ #&%-0+& ( .& ,$ #-3+,("&7:3 ,/* /(2* ,"&6$)* (3<7(+$)* ,* $ /(.$ 3,"('*, 
5.* )* ;&/3) :&)/(2* ;&%*5:$% :& /-1$, & :&)"&6* $ #-3+,("&7:3" .*7$) (184, 186). 
S7&,%(9:& <&:.&>& #39(6* #3 ,+(.&6$ ,/&+35 .-$535 +3:'&, %-&)* 0-5 "(:$%&, 
#3%3" ,* #-(7(+3" ,/&+* &#7(+&'()* #-3.$>&/& ;& #3 .*,*% "(:$%&. ?&).$>* ,* 
+3-(,%( $ +3:%(:$(%*%$ 3. 2 ,&%&, %-( .3 9*%(-( #$%& .:*/:3. P3-(,%* ,* 
*7&,%(9:( ;&/3)( -&;7(9(%* 2(-(:*, $ ;&/(,:3,%( 3. #&%-0+&. ?&"3%&)( ;&/3)& ,$
$ /(.$ +7&,)& (7( -(<0* +3,%(, +&.& ,/&+( ,7*.*4( :&"3%&) #3+-()* ./* %-*4(:* 
#-*%13.:35. F-(7(+3" <&:.&>* :&%+37*:35 #&%-0+& %-*<& :&#-&/(%( :*+37(+3 
:&"3%&)& %-&+* #-*+3 #*7/(,&, .& <&:.&>& :* <( (,#&7& (187). 
T-*2+* #-(7(+3" <&:.&>* (183, 184, 188):
- ,$/(2* )&+& <&:&.&>& (#&'()*:% ("& :*#-()&%:* ,*:;&'()*, <37, "3>* 
.34( .3 *.*"&), 
- ,$/(2* ,7&<& (:* +3-(,%(, :* /-2( D$:+'()$, &7( ( :* 3."&>*), 
- )&9( #-(%(,&+ #-3+,("&7:3 (732* 3<7(+3/&6* #&%-0+&, ,%-&:5$7&'()&,
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*.*" #&%-0+&), 
- :*3<$1/&%&6* '*735 #&%-0+& (:&)9*24* 3,%&)* %+;."&.$+%3-:& -37:&", 
+3)& #3,%&)* #-3<7*" ;& &#7(+&'()$ #-3%*;*), 
- 732* #3;('(3:(-&6* (#&'()*:% "3-& .& ;&$;"* #-3:(-&:, (7( 
,$#(:(-&: #373>&), ,& #&%-0+3" $ *+,%*:;()( ( &..$+'()(; #&%-0&+ :* 
,"* .& /(,( .& 5-&/(%&'()& :* <( #3:(2%(7& .*),%/3 <&:.&>*). 
!+3 #&'()*:% #-(7(+3" :32*6& <&:.&>* 3,*%( :*#-()&%:* ,*:;&'()* +&3 
2%3 ,$: %-6*6*, "-&/(6*6*, #*9*6* (7( <37, %-*<&73 <( 3."&1 ,+(:$%( <&:.&>$, 
.& :* <( .3273 .3 /*4(1 +3"#7(+&'()&. S7&,%(9:& <&:.&>& <( %-*<&73 .& ,* 
#-("*6$)* ( +&.& #&'()*:% ("& .*D(:(%(/:$ #-3%*;$, +3)$ :* +3-(,%( .$>* /-*"* 
$ %3+$ .&:&. K(5(.:& (7( 5(#,-<&:.&>& ,* +3-(,%( +3. /37$"(:3;:()(1 #&%-0&+&, 
5.* ,$ .(,%&7:* "*-* 3<("& $ /*43) :*,-&;"*-( ,& #-3+,("&7:(" (187,188). 
P3-(,%* ,* 5(#,&:( ;&/3)(, +3)* #-3%*%(9&- #-("*6$)* #3 (,%3" #-(:'(#$ +&3 ( 
*7&,%(9:*. 8->( ,* 24 ,&%&, #3,7* 9*5& <( %-*<&73 ,&"& .& ,#&.:*. B3>* ,*
#3:3/(%( 5-7 #$%&. @;<*5&/& ,* +3. /&,+$7&-:(1 #&'()*:&%&, ;<35 /*4 $5-3>*:* 
'(-+$7&'()* +&3 ( /*4* "35$4:3,%( 5-*2+*. 
H735* <&:.&>* (183-187): 
- #-*/*:'()& ( ,"&6*6* *.*"& #&%0+&, 
- #-*/*:'()& /*:,+* ( 7("D:* ,%&;*, 
- &%-3D()& ,$<+$%&:35 "&,:35 ,73)& ( "*+(1 %+(/&, 
- ;&2%(%& +3>* #&%-0+&, 
- #-*/*:'()& +3:%-&+%$-&, 
- ,"&6*6* D&:%3",+35 <37& ( ,*:;&'()&, 
- ,"&6*6* 3,*%0(/3,%( #&%-0+& :& <37. 
L&:.&>& (#&+ :()* :&)*D(+&,:()( :&9(: ;& D3-"(-&6* #&%-0+& ;& 
.*D(:(%(/:3 #-3%*%(,&6*. G3 )* &#7(+&'()& #-(/-*"*:* #-3%*;* ( 6*:3 
(:%*:;(/:3 +3-(24*6*. !%-3D()& ( D3-"(-&6* #&%-0+& )* :&)(;-&>*:()* #-/(1 
2*,% :*.*0& :32*6& #-(/-*"*:* #-3%*;*, & 3./()& ,* ,/* .3 (,%*+& #-/* 53.(:* 
#3 &"#$%&'()(. 
E<(" #&%-0+& ,* "*-( )&.&:#$% :*.*0:3. O<35 .:*/:(1 3,'(7&'()&, 
#3>*0:3 )* .& "*-*6* <$.* $ (,%3 .3<& .&:&. G-( $;&,%3#:& )*.:&+& "*-*6& ,$ 
;:&+ .& )* .3273 .3 ,%-$+%$-&7:* ,%&<(7(;&'()* &"#$%&'(3:35 #&%-0+& ( .& ,* 
"3>* $;*%( "*-& ;& .*D(:(%(/:$ #-3%*;$ (189). 






1.4.1.12. #T5I9B   
 
E>(0&+ "3>* <(%( )*.&: 3. #-3<7*"& #-(7(+3" #-3%*%(,&6&. P3. 
/&,+$7&-:* *%(3735()*, 5.* )* +3. #&'()*:&%& -*7&%(/:3 9*,%3 $5-&C*: &3-%3-
D*"3-&7:( by-pass (190). F-(,$%&: )* 73:5(%$.(:&7:( 3>(0&+ 3. .36*5 .*7& 
&<.3"*:& #-*+3 (:5/(:$"& .3 #-*.6*5 "*.()&7:35 .*7& :&%+37*:('*. F-3<7*" 
"3>* <(%( ./3)&+: 3,*%0(/3,% :& #-(%(,&+ #-*.6*5 ;(.& 7*>(2%& (7( 




H -&:3) #3,%3#*-&%(/:3) D&;( ,* "3-& 3<-&%(%( #&>6&, :&-39(%3 :& #-/( 
#-3+,("&7:( ;73< (;:&. &"#$%&'()*, )*- #3,%3)( %*:.*:'()& -&;/3)& +3:%-&+%$-& 
(193). P3:%-&+%$-* ,$ :&)9*24* -*;$7%&% :*&+%(/:3,%( #&'()*:%& ( $.3<:35 
#373>&)& #&%-0+& $ D7*+,()(. 
F-3<7*" $ /*;( +3:%-&+%$-& ,* 357*.& $ ,7*.*4*" (193, 194): 
- 3%*>&:& &#7(+&'()& #-3%*;*, 
- .*/()&'()* 13.&, 
- /*4( *:*-5*%,+( $%-32&+. 
F3,7* &"#$%&'()& ,* -&;/()&)$ -&;:37(+* +3:%-&+%$-*: %&+3 ,* ;<35 
#-*/&5* ".%-('*#, ,$-&*, +3. #&-'()&7:* &"#$%&'()* ,%3#&7& ,/* .3 &"#$%&'()* #3 
J&)"$ (Sym*), -&;/()& *+/(:$, #373>&) -*;(.$&7:35 .*7& ,%3#&7& (194). 83 
&#7(+&'()* .*D(:(%(/:* #-3%*;*, #-*#3-$9$)* ,* +3-(24*6* 3-%3;* $ 
+3-*+%(/:3" #373>&)$. G-&:,%(<()&7:& &"#$%&'()&, #3,*<:3 &+3 )* +-&%&+ 
#&%-0&+, "3>* <-;3 .&%( D7*+,3(3:$ +3:%-&+%$-$ $ +37*:$. !+3 3,%&:* 
D(+,(-&:&, :*+&.& )* )*.(:3 -*2*6* (;-&.& #3,*<:* #-3%*;* ,& 3,73:'*" :& 
,&/()*:3" +37*:$. P3. %-&:,D*"3-&7:* &"#$%&'()* ,* -&;/()& D7*+,(3:& ( 
&<.$+'(3:& +3:%-&+%$-& +$+& (195). G3 #3/*4&/& (3:&+3 /*7(+( $%-32&+ *:*-5()* 
#-(7(+3" :32*6& #-3%*;&. R7*+,(3:& +3:%-&+%$-& #-*+3 25 ,%*#*:( (;(,+$)* 
/*7(+$ ,:&5$ *+,%*:;3-& +$+& ;& ,%&<(7(;&'()$ +37*:&, & *,%*%,+& +3"#3:*:%& )* 
732&. U(2* 3. 5 ,%*#*:( D7*+,(3:* +3:%-&+%$-* ;&1%*/& +3"#*:;&%3-:$ 
7$"<&7:$ 73-.3;$, 2%3 .3/3.( .3 <37& $ 7*C("&. P3. ,/(1 +3:%-&+%$-&, 
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#-*/*:'()&, :*5& ( *.$+&'()& #3)*.(:'& ( ,/(1 97&:3/& %("&, +&3 ( 97&:3/& 
#3-3.('*, )* :&)<(%:()&, )*- ,&/7&.&/&6* +3:%-&+%$-& )* .$53%-&):3 ( "$+3%-#:3. 
J& /*><&"& ;& #3/*4&6* 3<("& #3+-*%& %-*<& #39*%( 3."&1 9(" ,* ,"&6( 
#3,%3#*-&%(/:( <37, 2%3 )* 3<(9:3 5-7 .&:& #3,7* 3#*-&'()* (196). 
1.4.2. '?>=;@?=3=5PB3 B?:;F5B97583 
1.4.2.1. K?F < 9:;<=975?6?: ;9=@IB< 
G-*<& <(%( 3#-*;&: +3. $%/-C(/&6& $;-3+& <37& $ #&%-0+$ (197). 
?&)9*24& +3:,%&%&'()& .& "#-3<7*"( ,& <373" :&,%&)$ ;<35 732* #-3%*;*", "3>* 
.3/*,%( .3 :*#3%-*<:* (;-&.* /*4*5 <-3)& 7*>(2%&, +&+3 <( ,* 3%+73:(3 $;-3+. 
O&#-&/3, $;-3'( <37& $ #&%-0+$  $ #3,%#-3%*%(9+3) D&;(, "35$ <(%( /(2*,%-$+( 
(197, 198): 
- (,%( +&3 $ /&7(.:3" *+,%-*"(%*%$ (199), 
- 1(#*-"3<(7:& D(<$7&- +&. )* $ #(%&6$ %-&$"&%,+& %-&:,-%(<()&7:& 
&"#$%&'()&, "35$4& )* #3/-*.& (:%*-3,*&7:* "*"<-&:* ( #-3+,("&7:35 
%(<(3D(<$7&-:35 ;573<& (200), 
- +32%&:& #-3"(:*:'()&-("3>* ,* D3-"(-&%( ( <$-;&), :&-39(%3 &:%*-3-
.(,%&7:( .*3 %(<()* (200), 
- *5;3,%3;*-$,7*. 732* 3<-&.* +3,%( (200), 
- .$>( 3+-&)&+ D(<$7* 3. %(<()* (200), 
- :*$-3"-,/* 3,3<* ,& &"#$%(-&:(" *+,%-*"(%*%3" ("&)$ #3 :*+37(+3 
:*$-3"&, 2%3 )* :3-"&7:& #3,7*.('& &"#$%&'()*, &7( &+3 ,* D3-"(-& $ 
3>(0:3" %+(/$ (7( :& "*,%$ #-(%(,+&, (;&;(/& <37 (201, 202),  
- .(,/&,+$7&-:( "(2(4-#3)&/& (:%*-"(%*%:%:(1 +7&$.(+&'()& )* :& 
,%-&:( &"#$%&'()*, +3>& )* (:%&+%:& ( <*; %-&53/& #-(%(,+& (202, 203), 
1.4.2.2. (@?45PB3 <F73@97583 
G-3D(9+* $7'*-&'()* ,* :&)9*24* )&/0&)$ :& #3%+37*:3" #&%-0+$, 
:&-39(%3 &+3 )* :(/3 &"#$%&'()* +-3; .36$ %-*4(:$ %(<()* (204). G$ )* +3,% 3."&1 
(,#3. +3>*, '(-+$7&'()& )* ,7&<&, 9*,%3 )* #3-*"*4*: #3/-2:( ,*:;(<(7(%*%. 
!"#$    
48 
?&-39(%3 $ #39*%+$ %-*%"&:& )* #3%-*<:& -*.3/:& +3:%-37& +3>* #&%-0+& (204). 
1.4.2.3. K5?:3H965PB5 D?F 
L(3"*1&:(9+( <37 )* #3,7*.('& <(3"*1&:(9+( :*&.*+/&%:3 $,%-3)*:* 
#-3%*;*. ?&)9*24* ,* )&/0&)$ :& #&%-0+$, &7( "3>* #3,%3)&%( ( :& /&7(.:3" 
*+,%-*"(%*%$ (7( <(73 +3" .*7$ %*7&. ?&,%&)* #3 #-&/(7:3) &#7(+&'()( #-3%*;* 
(205). 
1.4.2.4. Q96=?:>B3 >36C97583 
R&:%3" ,*:;&'()& )* :3-"&7:& #3)&/& #3,7* &"#$%&'()& *+,%-*"(%*%&. G3 
)* 3,*4&6* #3,%3)&6& ( #-(,$,%/& &"#$%(-&<:35 .*7& (206). E/$ #3)&/$ "3>* .& 
#-&%( :*#-()&%:3 <3'+&6*.H #39*%+$ D&:%3" ,*:;&'()& )* %37(+3 3<"&6$)$4&, .& 
#&'()*:%  #3+$2&/& .& +3-&9& :353" +3)$ /(2* :*"&. U-*"*:3" ,* D&:%3",+& 
,*:;&'()& 5$<(, &7( $ :*+(" ,7$9&)*/("& ;:& .& #3%-&)* 53.(:&"&. ?&).$>* 3#,%&)$ 
,*:;&'()* +3)* #3%(9$ ,& &"#$%(-&:35 #&7'& (7( +&>(#-,%& (7( #&7'& :& :3;(, 
+3)* #&'()*:% .3>(/0&/& +&3 .& ,$ .(-*+%:3 ,#3)*:* ;& #&%-0&+ (207). ?*+(" 
#&'()*:%("& 3/&) 3,*4&) 9&+ #3"&>* $ +3-(24*6$ #-3%*;*. F3,%3)* <-3):* %*3-()*, 
+3)* #3+$2&/&)$ .& 3<)&,:* 3/$ #3)&/$ (206-210).  
836( *+,%-*"(%*% )* ,&,%&/:( .*3 %*7& +3)( $ +3:%(:$(%*$ <3"<&-.$)* 
,*:;3-:( +3-%*+, "3;5& .3.(-:(" #-3#-(3'*#%(/:(" ( #3/-*"*:3 <37:(" 
,%("$7&:,("&, +3)( ,* $57&/:3" :*,/*,:3 #&"%* +&3 .*3 #-*.,%&/* 3 %*7$ (209, 
210). F3,7* &"#$%&'()*, 3/( ;&#&"4*:( 3#&>&)( ,%/&-&)$ D&:%3",+$ ,*:;&'()$, 
+3)& "3>* .& 3<$1/&%( 3,*4&) .& )32 $/*+ #3,%3)( :*.3,%&)$4( *+,%-*"(%*% (206-
210). 8*D3-"(%*% +3)( )* <(3 #-(,$%&: #-* &"#$%&'()*, $57&/:3" )* #3.73>&: 
D&:%3" ,*:;&'()(. H -&:3) #3,%1(-$-2+3) D&;( #3,%3)( 3#&,:3,% 3. #&.& 
#&'()*:%&, )*- )* D&:%3",+( 3,*4&) /*3"& (;-&>*:, %&+3 .& #3+$2&/& .& ,* 3,73:( 
:& :*#3,%3)*4( *+,%-*"(%*%. ?()* #-(,$%&: +3. +3:5*:(%&7:(1 &"#$%&'()& .*'* .3 
9*%(-( 53.(:* ( %-&$"&%,+(1 &"#$%&'()& #-&4*:(1 32%*4*6*" "3;5& (211). 
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1.4.2.5. Q96=?:>B5 D?F 
R&:%3",+( <37 %-*<& -&;7(+3/&%( 3. D&:%3",+* ,*:;&'()*, <37& :& 
#&%-0+$ ( #-*:*,*:35 <37& (206-208, 212). P&.& )* <37 :& &"#$%(-&:3" 
*+,%-*"(%*%$ /-73 :*#-()&%&: ( ,& )&+3" #&-*,%*;()3", 3:.& )* -*9 3 D&:%3",+3" 
<37$. R&:%3",+& ,*:;&'()& )* $3<(9&)*:& ( 39*+(/&:& #3)&/&, "*C$%(" D&:%3",+( 
<37 :()* (206-208). !+3 )* #-* &"#$%&'()* *+,%-*"(%*% <(3 $56*9*: (7( )* 
&<7&'()& 3.73>*:& ;& :*+3 /-*"*, D&:%3",+( <37 ,* ":353 9*24* )&/0& +3. 3,3<& 
+3. +3)(1 )* &"#$%&'()& (;/-2*:& <*; 3.7&5&6& ( <*; /*4 #-*%13.:3 #-(,$%:35 
<37& (212). R&:%3",+( <37 "3>* .& <$.* ,%&7:3 #-(,$%&: (7( ,* )&/0& $ 
-&;"&'("&, ,& -&;7(9(%(" (:%*:;(%*%3" <37&. R&:%3",+( <37 ,* )&/0& $ /(.$ 
5-9*6&, ,%(,+&6& (7( <3'+&6& $ +3:%(:$(%*%$ (7( ,& #-*+(.("&, #-( 9*"$ 
(:%*:;(%*% <37& -&,%* ( 3#&.& $ '(+7$,("& 3. #3 :*+37(+3 "(:$%&. N3+&7(;3/&: 
)* :& &"#$%(-&:3" *+,%-*"(%*%$, & :* :& #&%-0+$. P3. "&6* 3. 1% 3,3<& ,& 
&"#$%&'()3" D&:%3",+( <37 )* (;$;*%:3 )&+35 (:%*:;(%*%&, &7( %&.& $%(9* :& 
'*73+$#:$ 7(9:3,% (212, 213). 
!"#$%&'(3:( :*$-3" "3>* .& <$.* 3,*%0(/ :& <37 &7( +3. 80% 
#&'()*:&%& ,& D&:%3",+(" <373" :* "3>* ,* $%/-.(%( #-*%*-&:& 3,*%0(/3,% 
#&%-0+&. ?& #3.,%('&6* D&:%3",+35 <37& $%(9* $-(:(-&6*, .*D*+&'()&, 
,*+,$&7:( 3.:3,, &:5(:& #*+%3-(, ( '(5&-*%* (214, 215). R&:%3",+( <37 ,* 9*,%3 
#3/*;$)* ,& *"3'(3:&7:3" $;:*"(-*:324$, &7( )* %*2+3 $%/-.(%( .& 7( )* 
*"3'(3:&7:& $;:*"(-*:3,% $;-3+ (7( #3,7*.('& D&:%3",+35 <37&. O:&9&)&: )* 
$%('&) #,(135*:(1 D&+%3-& +3. #&'()*:&%& +3)( "3."&1" #3,7* &"#$%&'()* ("&)$ 
D&:%3",+( <37, +3)( ,$ 353-9*:( ;<35 $:&+&>*:35 %*7&, %*2+3 #-(1/&%&)$ #-3%*;$ 
(7( #&+ 3.<()&)$ .& )* :3,* (216). F3. $%('&)*" #,(135*:(1 D&+%3-& 3/( #&'()*:%( 
,$ 1-3:(9:3 732* #-(7&53C*:( $ ,3'()&7:3) ,-*.(:( ( #3-3.('(, >&7* ,* :& /*4* 
%*53<* #3,7* -&;53/3-& 3 3,:3/:3" $;-3+$ :&,%&:+& &"#$%&'()*. P3. 3/(1 
#&'()*:&%& D&:%3",+( <37 )* *"3%(/:& -*&+'()& :& 5$<(%&+ *+,%-*"(%*%& ( $; 
&.*+/&%:$ #,(1()&%-(),+$ #3"34 ,* #-*/&;(7&;( (216, 217). 
H;-3+ :&,%&:+& D&:%3",+35 <37& 3,%&)* *:(5"& (216-222). ?&)#-(+7&.:()* 
3<)&26*6*, +3)* )* $ ,+7&.$ ,& "3.*-:(" %*3-()&"& 3 <37$ ( ,%-$+%$-( ( 
D$:+'()( '*:%-&7:35 :*-/:35 ,(,%*"&, #3/*;$)* D&:%3",+( <37 ,& 5$<(%+3" 
(:1(<(%3-:(1 :*-/:(1 /7&+&:&, +3)( :3-"&7:3 #-3/3.* .3/3.:* :&.-&>&)* ,& 
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*+,%-*"(%*%& (220-222). ?*+&.& ,* ,"&%-&73 .& )* ,#(:3%&7&"(c+( %-&+% 57&/:( 
#$% +3)( #-3/3.( :*-/:* :&.-&>&)* *+,%-*"(%*%& .3 ,*:;3-:35 +3-%*+,& "3;5&. 
B*C$%(", :3/()& (,%-&>(/&6& #3+&;$)$ .& "$7%(,(:&#%(9+( ,(,%*" #-*:3,( 
":353 /(2* :*-/:(1 :&.-&>&)& #-*+3 +(9"*:* "3>.(:* .3 "3;5& :*53 
37(53,(:&#%(9+( ,#(:3%&7&"(9+( %-&+%. L(7&%*-&7:( "$7%(,(:&#%(9+( ,(,%*" 
#-*7&;( ,-*.(26$ 7(:()$ ( ;&/-2&/& ,* $ -*%(+$7&-:3) D3-"&'()( "3;5& (220-
222). 
Melzack (223-226) )* .&3 #-*.735 "3.*7& +3)( 3<)&26&/& D&:%3",+( <37 $ 
,+7&.$ ,& 3/(" %*3-()&"& ( %*3-()3" <37& +3)& ,* ;&,:(/& :& +3:%-37( $7&;&. E: 
,"&%-& .& .*3 -*%(+$7&-:* D3-"&'()* +3-*:& "3;5& ("& $735$ "'*:%-&7:35 
<73+(-&)$4*5 "*1&:(;"&" #3,-*.,%/3" (:1(<(%3-&, +3)( .*7$)$ :& #-*:3, :& ,/(" 
,(:&#%('+(" :(/3("& ,3"&%,+35 #-3)*+'(3:35 ,(,%*"& (223, 224). U*7(+( .*3 
:*-/:(1 /7&+&:& )* $:(2%*: &"#$%&'()3" *+,%-*"(%*%&, 9("* )* $"&6*: #-(7(/ 
:*-/:(" :&.-&>&)("& $ "3;5$, & ,&"(" %(" )* $"&6*:3 .*),%/3 (:1(<(%3-&. 
K*;$7%&% 3/35& )* 3./()&6* :*;&/(,:* &+%(/:3,%( :& ,/(" :*-/:(" :(/3("& +3)( 
;&#39(6$ /(2* #$%& #-*3,%&7& :*-/:& /7&+:& (223, 224). 
L37 :&,%&)* $ %-*:$%+$ +&.& (;7&;:( ("#$7,( :*;&/(,:(1 :*$-3:& 
.3,%(5:$ (7( #-*"&2* +-(%(9&: :(/3 (225). E/&) "3.*7 :&" #3"&>* .& ,1/&%("3 
:* ,&"3 :*"35$4:3,% 1(-$2+* (:%*-/*:'()* .& #-$>( %-&):3 -*2*6* D&:%3",+35 
<37&, /*4 ( #-(/-*"*: $9(:&+ %*-&#*$%,+(1 #-3'*.$-& +3)* $%(9$ :& '*:%-&7:3 
*+,'(%&%3-:3 ,%&6* :*-/:35 ,(,%*"& :& -&;7(9(%(" :(/3("& (225). 
R&:3",+( <37 ,* "3>* +7&,(D(+3/&%( $ 9*%(-( 3,:3/:* +&%*53-()* (226): 
F-/& /-,%& D&:3",+35 <37& - )* :&)9*24( 3<7(+, "&:(D*,%$)* ,* $ 3<7(+$ 
3,*4&)& 5-9*6&. L37 )* ,7(9&: "(2(4:3" ,#&;"$. L37 "3>* .& #3#$,%( /*><3" 
/&7(.:35 ( -*;(.$&7:35 *+,%-*"(%*%&. F3:*+&., ,(:$,3(.&7:& 
*7*+%-3,%("$7&'()& #&%-0+& #3.,%(9* /30:3 /*><&6* ( $<7&>&/& <37. B&,&>&
#&%-0+& %&+3C* ("& ,7(9:* *D*+%*. !#7(+3/&6*" 7*>(2%& #-(/-*"*:* #-3%*;*, 
%&+3C* ,* ,"&6$)* 3,*4&) <37&, %* )* %-*<& 2%3 #-* &#7(+3/&%( (226, 227).  
8-$5& /-,%& D&:%3",+35 <37& – )* :*#-()&%&: 3,*4&) $ &"#$%(-&:3" 
*+,%-*"(%*%$, #3#$% *7*+%-3-23+&, +3)( %-&)* :*+37(+3 ,*+$:.(. !#7(+&'()3" 
17&.:(1 3<735&, <37 )*6&/&. !#7(+3/&6* 17&.:(1 3<735& $"&6$)$ '*:%-&7:$ 
*+,'(%(-&:3,% #$%*/& $ +(9"*:3) "3>.(:(. F-("*:& $7%-&;/$+& "3>* %&+3C* .& 
$"&6( D&:%3",+( <37. E<;(-3" .& <37 %-&)* /*3"& +-&%+3, :* %-*<& #-("*6(/&%( 
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:&-+3%(+* (228). 
G-*4&, :&)%*>& /-,%& D&:%3",+35 <37& )*,%* <37 $ /(.$ )&+3 :*#-()&%:35 
3,*4&)& #*9*6& $ #&%-0+$ ( &"#$%(-&:3" *+,%-*"(%*%$. F&'()*:% 3,*4& /-*7(:$ $ 
#&%-0+$, & #3:*+&. ( 17&.:34$. L3)& "3>* <(%( :3-"&7:&, '-/*:& (7( #7&/(9&,%&. 
F&%-0&+ )* (;$;*%:3 3,*%0(/, %37(+3 .& "$ ,"*%& ( %-*6* 3.*4*. E/&) 3<7(+ 
D&:%3",+35 <37& )* 9*,% +3. %-&$"&%,+(1 &"#$%&'()&, 3.:3,:3 #3/-*.* :*-&/& 
(229). E/3 )* <37 ,7(9&: +&$;&75()( (7( -*D7*+,:3) ,("*%-(9:3) .(,%-3D()(. 
83<-* -*;$7%&%* .&)* 73+&7:3 $<-(;5&/&6* 73+&7:(1 &:*,%*%(+&, 9("* ,* 
#-(/-*"*:3 <73+(-& &$%3:3":( :*-/:( ,(,%*". G&+3C* ,* #-*#3-$9$)* #-("*:& 
.(<*:;(7(:&, :*:&-+3%(9+(1 &:&75*%(+&, &+$#$:+%$-*, *7*+%-3-,%("$7&'()* ( 
D(;(9+(1 "*-& ;& .*,*:;(<(7(;&'()$. L37 ,* +$#(-& #-("*:3" "*-& +3)* ,"&6$)$ 
'*:%-&7:$ *+,'(%&%3-:3,% $ '*:%-&7:3" :*-/:3" ,(,%*"$. E/* "*-* $+0$9$)$ 
%-0&6* ( %&#+&6* #&%-0+&, ;&5-*/&6* (7( 17&C*6* +&3 ( &#7(+&'()$ *%(7 173-(.& 
$ ,#-*)$ (230). F3,%*#*:3 :&/(+&/&6* :& #-3%*;$ "3>* .& #3"35:*. 
J("#&%*+%3"()& %&+3C* .&)* #3;(%(/:* -*;$7%&%*. H ,7$9&)$ :*#3.:320(/3 )&+35 
<37& #-(,%$#& ,* 1(-$2+(" "*%3.&"& +&3 2%3 )* -(;3%3"()& #& 9&+ ( 
#-*D-3:%&7:& 73<3%3"()&, 9()& )* .*73%/3-:3,% ,$"6(/& (231). 8&+7*, 3<;(-3" .& 
/*4(:& 1(-$2+(1 "*%3.& :* .3:3,( #3;(%(/&: (,13., %-*<& (1 #-("*6(/&%( ,&"3 
3:.& +&.& #-*%( 3#&,:3,% .& #&'()*:% (;/-2( ,&"3$<(,%/3. 
V*%/-%( %(# D&:%3",+35 <37& +3)( ,* )&/0& $ /(.$ ,%(,+&6& ( %-;&)& $ 
#&%-0+$ :()* 7&+3 +7&,(D(+3/%( +&3 #-*%13.:& %-(. F-*#3-$9$)* ,* #-("*:& 
(,%(1 "*-& +3)* ,$ *D(+&,:* ;& 3,%&7* %(#3/* D&:%3",+35 <37& (228-230, 232). 
1.4.2.6. (@3=5@9O3 ;9758369=9 >9 496=?:>B5: D?F?: 
H 7*9*6$ D&:%3",+35 <37& %-*<& #39*%( 3. )*.:3,%&/:(1, :*(:/&;(/:(1 
%*1:(+& +& ,/* ,73>*:()(" (7( (:/&;(/:(" %*1:(+&"&, +3)* ,$ <&;(-&:* :& 
3#2%(" #-(:'(#("& #-&/(7:35 7*9*6& (212, 233). 
F-35-&" %-*%(-&6& D&:%3",+35 <37& ,&,%3)( ,* 3. ,7*.*4(1 .*,*% ,%&/+(: 
1. #-* 3#*-&'()*, #&'()*:%("& %-*<& 3<)&,:(%( .& )* #3,7* &"#$%&'()*
"35$4& #3)&/& D&:%3",+* ,*:;&'()* 2%3 )* :3-"&7:3 ( :()* 2%*%:3 #3
;.-&/0* (212, 233).
2. #3,7* 3#*-&'()*, #&%-0&+ %-*<& -*.3/:3 #-*57*.&%(, #-3/*-&/&%(
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6*53/ (;57*., 3,*%0(/3,% ( D$:+'()$. P3-(,%(%( -*9 "#&%-0&+" ( 
"-*;(.$&7:( ,*5"*:%" $ -&;53/3-$, .& <( ,* #&'()*:% :&/(+&3 :& 3<& 
%*-"(:& (234). 
3. F3,%3#*-&%(/:& :*5& )* /&>:& (,%3 +37(+3 ( (;<3- 1(-$2+* %*1:(+* ;&
;&-&,%&6* -&:*; $ ,7$9&)$ (:D*+'()* %-*<& #-*.$;*%( 3.53/&-&)$4*
"*-* (235).
4. P&.& )* -&:& .3/30:3 ;&-&,7&, %*-&#*$% %-*<& .& 3<$9( #&'()*:%& +&+3
.& "&,(-& #&%-0&+, & ;&%(" .& $%-0& %(:+%$-$ <*:;3(:& +&+3 <( ,*
+3>& $9/,%(7&. F-("*6$)* ,* <7&5& #*-+$,()& #&%-0+& :*$-3732+("
9*+(4*" (7( #3"34$ "*1&:(9+35 /(<-&%3-&, /3.*4( -&9$:& .& ,* :*
3;7*.( 3>(0:3 %+(/3 (235).
5. F&'()*:% %-*<& .& )&9& "(2(4* #&%-0+& ("&5(:&-:(" #3+-*%&6*"
&"#$%(-&:35 *+,%-*"(%*%& (:#-.3+-*%&6* #*.&7& :& ;&"(20*:3"
<('(+7$ #3"*-&)$4( #&%-0&+ ( /&7(.:$ :35$ :&#-*.-:&;&. (7( /*,7&6*
$ ;&"(20*:3" 9&"'$ #-( 9*"$ ,* #&%-0&+ ( /&7(.:& :35& #3"*-&)$
(,%3/-*"*:3) (236).
6. A%3 #-* %-*<& 3<*;<*.(%( D$:+'(3:&7:$, +&3 ( +3;"*%,+$ #-3%*;$, )*-
,* %("* 9*,%3 ,#-*9&/& (7( $"&6$)* D&:%3",+( <37. !+3 ,* 3."&1
#3,7* 3#*-&'()* &#7(+$)* #-(/-*"*:& #-3%*;& ;:&9&):3 ,* $"&6$)*
"35$4:3,% #3)&/* D&:%3",+35 <37& (237).
7. O& <73+(-&6* :*-/:* #-3/3.0(/3,%( ( 3%+7&6&6& D&:%3",+35 <37&
#-("*6$)* ,* :(; "*-&: $<-(;5&/&6* -&,%/3-& #-3+&(:& $ 3,*%0(/*
.*73/* #&%-0+& (7( $ +3-*: #*-(D*-:(1 (7( .3-;&7:(1 :*-&/&, 2%3
(&+3 .3/3.( ,&"3 .3 #-(/-*"*:* &:*,%*;()*, "3>* %-&):3 $+73:(%( <37
(238).
8. B:35* :*$-31(-$-2+* "*%3.* ,$ #-("*6(/&:* &7( :()*.:& :()* .3:*7&
%-&):3 -*2*6* (243). ?&)<30( -*;$7%&%( ,$ ;& ,&.& #3,%(5:$%(
&:%*-37&%*-&7:3" +3-.3%3"()3" (244). F-("*6$)* ,* (
*7*+%-3,%("$7&'()& .3-;&7:35 ,%$<& $ +(9"*:3) "3>.(:( $,&C(/&6*"
,$<.$-&7:(1 *7*+%-3.& ( &+%(/(-&6*" +3:%-37* ,%("$7&%3-& 
,$<+$%&:* -&.(3D-*+/*:'()*. E %-&):3" $9(:+$ 3/* "*%3.* ,* )32 $/*+ 
-&,#-&/0&, & #3+&;&73 ,* .& *-3;()& .3-;&7:(1 ,%$<3/& ("& ( :*5&%(/&: 
*D*+&% (245). U-73 )* #3-&>&/&)$4* .& .37&;( .3 -*'(.(/& <37& #3,7*
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,*'(-&6& #*-(D*-:(1 :*-&/& (7( +3-*:& .3-;&7:(1 :*-&/&, #& 9&+ ( 
#3,7* &"#$%&'()* :& /(2*" :(/3$. F-("*:& :*$-31(-$-2+(1 "*%3.& 
:& +(9"*:3) "3>.(:( "3>* .3:*%( 37&+2&6* $ #39*%+$ &7( ,* +&,:()* 
D&:%3",+( <37 /-&4&, 9&+ ( #3,7* <(7&%*-&7:(1 /(,3+(1 %3-&+&7:(1 
(7( '*-/(+&7:(1 +3-.3%3"()& (245, 246). F-("*4*:3 )* .& #3,7* 
1(-$2+* &<7&'()* "3>.&:* +3-* ( #3/-*.* 3/35 .*7& "3;5& :* .37&;( 
.3 #3)&/* D&:%3",+35 <37& ( D&:%3",+* ,*:;&'()* (246, 247). 
9. H :*+(" ,7$9&)*/("& )* :*3#13.:3 #,(1()&%-(),+3 7*9*6* (248).
F-("*6$)* ,* 1(#:3;&, #,(13%*-&#()& (%. (248, 249). L(%:3 )* .&
#&'()*:% :*#3,-*.:3 #3,7* &"#$%&'()* <$.* $,-*.,-*C*: :& :*+$
+3-(,:$ &+%(/:3,%, +&+3 <( ,* 6*53/& #-*.,%&/& 3 ,3#,%/*:3" %*7$
,/*,:3 $,"*-(7& $ #3;(%(/:3" #-&/'$, .3+ )* )32 $/*+ D7*+,(<(7&:
#3,7* 3#*-&'()*. H57&/:3" +3. 3:(1 #&'()*:&%& +3. +3)(1 3/* "*%3.*
:(,$ #-("*6*:* 3."&1, +&,:()* )* :*3#13.:3 #-("*:(%( (:%*:;(/:()*
#,(13732+* "*%3.* (250).
10. P&.& ,* #3,%(5:* ,"(-(/&6* D&:%3",+35 <37&, #&'()*:% %-*<& .&
:&,%&/( ,& (;/3C*6*" /*><(, "&,&>3" #&%-0+& ( $#3%-*<3" #-3%*;*, 
.& <( ,* ,"&6(7& "35$4:3,% -*'(.(/& D&:%3",+35 <37& (251).
1.5. '/*&,2% 0*',/K%/*J2, #-.*N,2%)*+, (0K#) ! .-L#'!  
'/#(,(*J-, /,0%K*L*(%)*+,  
1.5.1. *>=?@589= H5;3@D9@5P6e ?B>5G369758e (0K#) 
H (,%3-()( "*.('(:* )* ;&<*7*>*:3 .& )* )32 .&7*+* 1662. 53.(:* #3 #-/( 
#$% $ %*-&#(),+* ,/-1* #-("*6*: 5&, #3. #3/(2*:(" #-(%(,+3". L-(%&:,+( 
,/*2%*:(+ Henskaw )* %&.& +3:,%-$(,&3 #-*%*9$ .&:&26* <&-3+3"3-* 
„Dominiciliym“ (252). J&"3 :*+37(+3 53.(:& #-* %35 .35&C&)& Robert Boyle )* 
#$<7(+3/&3 -&. #3. :&,73/3": „New Experiments Physio-Mechanical, Touching the 
Spring of Air and its Effects” $ +3"* )* $,%&:3/0*: ( 6*53/ *#31&7:( ;&+3: (252, 
253). V&+ ( 3/& #(3:(-,+& +3:,%-$+'()& )* <(7& $ ,%&6$ .& ,%/3-( +&+3 
1(#*-<&-(9:* %&+3 ( 1(#3<&-(9:* $,73/*. Henskaw )* ,"&%-&3 .& 6*53/ (;$" 
"3>* #3"34( 0$.("& +3)( ("&)$ #-3<7*"* %3+3" #-3'*,& .(5*,%()*, .& "3>* 
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37&+2&%( .(,&6* ( 5e:*-&7:3 $<7&>(%( -*,#(-&%3-:* %*53<*. G3 ,* 3.(5-&73 
:*2%3 /(2* 3. 100 53.(:& #-* :*53 2%3 )* Antoin Lavoiseir 3%+-(3 +(,*3:(+ +&3 
#-(-3.:( *7*"*:%. F-/$ <&-3+3"3-$ +3)& )* #3 ,/3)(" +&-&+%*-(,%(+&"& <(7& 
,7(9:& ,&/-*"*:("& +3:,%-$(,&3 )* Pravez 1837. 53.(:*, .3+ )* #-/$ "3<(7:$ 
<&-3+3"3-$ +3:,%-u(,&3 Fontaine 1877. 53.(:* (254, 255).  
J&/-*"*:& #-("*:& <&-3"*.('(:* #39(6* ,-*.(:3" ./&.*,*%35 /*+&, 
+&.& )* 3#2%( %*1:3732+( -&;/3) 3"35$4(3 +3:,%-$+'()$ #3$;.&:(1 +&+3 
)*.:3"*,:(1 %&+3 ( /(2*"*,:(1 <&-3+3"3-&. P&3 3%&' ,&/-*"*:* <&-3"*.('(:* 
(,%(9* ,* .-. I. Boerema. G3+3" 2*;.*,*%(1 53.(:& ./&.*,*%35 /*+& .-. I. Boerema 
)* (;/*3 1(#*-<&-(9:$ 3+,(5*:&'()$ (;/&: 3+/(-& #3./3.:* "*.('(:* ( 
("#7*"*:%(-&3 )* $ ,&/-*"*:* "*.('(:,+* %*-&#(),+* %3+3/* (256).     
1.5.2. 05;3@D9@5P69 ?B>5G3697589 (0K#)- A345657589 5 56A5B97583 C9 
;@5:36< 
=(#*-<&-(9:& 3+,(5*:&'()& (=LE) #-*.,%&/0& %*-&#(),+$ ( 
.()&5:3,%(9+$ "*%3.$ $ +3)3) #&'()*:% $ ,#*'()&7(;3/&:(" $,73/("& #3. 
#-(%(,+3" /(2(" 3. &%"3,D*-,+35 $.(2* 100% "37*+$7,+( +(,*3:(+ (257). 
G*-&#(),+( #-(:'(# 1(#*-<&-(9:* 3+,(5*:&'()* ,* ;&,:(/& :& #3/*4&6$ 
#&-'()&7:35 #-(%(,+& +(,*3:(+& $ +-/( 9("* ,* #-*/&;(7&;( 1(#3+,()& $ 
3<37*7(" %+(/("& (257), +3)& $;-3+$)* +37&#, *:*-5*%,+35 "*%&<37(;"&, ( 
#3,7*.(9:3 3.$"(-&6* 4*7()& (258). =LE "3>* <(%( %*-&#()& (;<3-& +3. %-3/&6& 
$50*: "3:3+,(.3" (259) +&3 ( +3. 5&,:* 5&:5-*:* (260).  
=LE )* .&:&, 2(-3+3 #-(1/&4*:& %*-&#(),+& ( .()&5:3,%(9+& "*%3.&, +3)& 
,* #-("*6$)* $ %*-&#()( :(;& +7(:(9+(1 ,%&6& +&3 2%3 ,$ .()&<*%*,:& $7'*-&'()& 
,%3#&7& (261), $#3-:( 3,%*3"()*7(%(,( (262, 263) ( :*+-3%(9:* (:D*+'()* "*+(1 
%+(/& (264). O:&9&) =LE $ %*-&#()( +3"#7(+&'()& 2*4*-:* <37*,%( $ #3,7*.63) 
.*'*:()( #3,%&)* ,/* $390(/()(. G3 ,* #-* ,/*5& 3.:3,( :& *D(+&,:3,% 3/* 
#-3'*.$-*, +&3 .*7& "$7%(.(,'(#7(:&-:35 #-(,%$#& $ 7*9*6$ (:D('(-&:(1 
:*;&-&,&)$4(1 .()&<*%*,:(1 -&:& :& *+,%-*"(%*%("& (265-268) ( #-*/*:'()( 
&"#$%&'()* *+,%-*"(%*%& (269, 270).  
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1.5.3. Q<6A9:36=9F65 C9B?65 45C5B3 B?85 >3 ;@5:3O<8< < H5;3@D9@5P6?8 
:3A57565 
Boyle-Mariott-3/ ;&+3: 57&,( .& )* #-( +3:,%&:%:3) %*"#*-&%$-(, #-3(;/3. 
#-(%(,+& 5&,& ( ;&#-*"(:* ,$.& $ +3"* ,* 5&, :&7&;( +3:,%&:%&: (271). 
p x V = const. ;a T = const. 
p1 x V1 = P2 x V2  ;a T = const. 
O&+3: (.*&7:(1 5&,3/& ,* :&.3/*;$)* :& Boyle-Mariott-3/ ;&+3: ( "3>* ,* 
(,+&;&%( ,7*.*43" )*.:&9(:3": 
(p x V) / T = const. (7( (p1 x V1) / T1 = (p2 x V2) / T2 
O&+3: +3)( )* .*D(:(,&3 William Henry 57&,( .& )* "&,& 5&,& +3)( 4* ,* 
-&,%/3-(%( $ .&%3) ;&#*"(:( %*9:3,%( .(-*+%:3 #-3#3-'(3:&7:& #-(%(,+$ ( 
-&,%/3-0(/3,%( 5&,& (272). 
X x p/ C = const. ;a T = const.  
5.* )*  
p = #&-'()&7:( #-(%(,&+ 5&,& (;:&. #3/-2(:* %*9:3,%( 
C = +3:'*:%-&'()& 5&,& $ %*9:3,%( 
X = +3*D('()*:% -&,%/3-0(/3,%( 5&,& 
F3/*4&6*" #-(%(,+& $ 1(#*-<&-(9:3) +3"3-( $.*3 D(;(9+( -&,%/3-*:35 
+(,*3:(+& $ +-/:3) #7&;"( -&,%*. 8& <( ,* ,%&:.&-.(;3/&3 (;:3, -&,%/3-*:35 
+(,*3:(+& $/*.*: )* %*-"(: &#,37$%:& &%"3,D*-& (!G!). @;-&9$:&/& ,* +&3 
#-3(;/3. #-3'*:%& +(,*3:(+& $ ,"*2( 5&,3/& ( #-(%(,+& (273).  
1.5.4. ,43B=5 H5;3@D9@5P63 ?B>5G3697583 69 =@96>;?@= B5>3?65B9 < 
?@G965C:< 
P(,*3:(+ ,* +-*4* :(; 5-&.()*:% #-(%(,+& (; &%"3,D*-*, #-*+3 
&7/*37&-:35 /&;.$1&, &-%*-(),+* +-/(, +&#(7&-:* +-/(, +-3; (:%*-,%('()$",+$ ( 
(:%-&'*7$7&-:$ %*9:3,% .3 "*,%& $ 4*7()( 5.* ,* $+0$9$)* $ "*%&<37(9+* #-3'*,* 
#-/*:,%/*:3 $ "(%313:.-()&"&, & ;&%(" ( $ #*-3+,(;3"("& ( *:.3#7&;"&%,+3" 
-*%(+$7$"$ (274, 275). F3. :3-"3<&-(9:(" $,73/("&, 5-&.()*:% #&-'()&7:35 
#-(%(,+& +(,*3:(+& pO2, +3)( ,* )32 :&;(/& ( +(,*3:(9:& +&,+&.& (275), #39(6* 
,& 159 mmHg, & ;&/-2&/& ,& 3.8 – 22.5 mmHg $ ;&/(,:3,%( 3. '(0:35 %+(/&.  
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P&.& ,* $.(2* /&;.$1 #-( &%"3,D*-,+3" #-(%(,+$ 3. 1 &%"3,D*-* (20.9 % 
+(,*3:(+&, #-( 1!G!), #$%*" +-/( ,* 97% +(,*3:(+& #-*:3,( /*;&:3 ;& 
1*"3573<(:. H D(;(3732+(" $,73/("& 100 "7 +-/( ,&.->( 15 5 1*"3573<(:&. P&3 
2%3 )* :&/*.*:3, ,/&+( 5-&" 1*"3573<(:& "3>* ;& ,*<* .& /*>* 3+3 1.34 "7 
+(,3:(+&, %&+3 .& #-( ,&%$-&'()( 1*"3573<(:& 3. 97%, ,/&+(1 100 "7 +-/( "3>* 
.& #-*:*,* 19.4 "7 +(,*3:(+&, 2%3 ,* "3>* ( (;-&;(%( +&3 19.4 vol.% (275).  
P&.& ,* #3,%(5:* 100% ,&%$-&'()& 1*"3573<(:&, ,/&+(1 100 "7 +-/( "3>* 
.& #-*:*,* 20 "7 +(,*3:(+&. P&+3 :& :(/3$ +&#(7&-& .37&;( .3 #-*7&,+& 
+(,*3:(+& $ (:%*-,%('()$",+$ %*9:3,% vol.% +(,*3:(+& $ /*:,+3) +-/( 3#&.& :& 
14.4. H D(;(3732+(" $,73/("& ,* 3+3 5 "7 +(,*3:(+& %-&:,#3-%$)* 3. #7$4& .3 
%+(/&, #$%*" 100 "7 +-/( /*;&:3 ;& 1*"35373<(:. J/*5& 3+3 3%  +(,*3:(+& 
#-*:3,( ,* D(;(9+( -&,%/3-*: $ #7&;"( #-(7(+3" $.(,&6& /&;.$1& #-( 1 !G!, 
%&+3 .& $+$#:& +37(9(:& +(,*3:(+& +3)& ,* #-*:3,( $ 100 "7 +-/( (;:3,( 3+3 19.7 
vol.% (275). F-*"& Henry-)*/3" ;&+3:$ #3'*:&% D(;(9+( -&,%/3-*:35 +(,*3:(+& 
-&,%* $ 1(#*-<&-(9:(" $,73/("&.  
P37(9(:& E2 $ &-%*-(),+3) +-/( = E2 /*;&: ;& Hb + E2 -&,%/3-*: $ #7&;"( 
KO2  = SaO2 x Hb x 1.34 0 + 0.003 x PaO2 
KO2 = ml O2  / 100 ml &-%*-(),+* +-/( 
SaE2 = #-3'*:&% ,&%$-&'()* 1*"3573<(:& +(,*3:(+3", $ D3-"( .*'("&7:* 
D-&+'()*, 
Hb = +37(9(:& 1*"3573<(:& (5 / 100 "7 +-/() 
1.34 = P&#&'(%*% 1*"3573<(:& ;& /*;(/&6* +(,*3:(+& (Hufner-3/ <-3)), +3)( 
$+&;$)* .& 1 5 Hb "3>* /*;&%( 1.34 "7 E2 +&.& )* $ #3%#$:3,%( ;&,(4*: ,& 
+(,*3:(+3". 
0.003 = +3:,%&:%& -&,%/3-0(/3,%( +(,*3:(+& $ #7&;"( +3)& 3;:&9&/& .& 4* ,* 
0.003 "7 E2 / 100 "7 #7&;"* / mmHg PaO2 
PaO2= &-%*-(),+( #&-'()&7:( #-(%(,&+ +(,*3:(+& 
P&.& ,* $.(2* 100% +(,*3:(+ #-( 1.5 !G!, .37&;( .3 #3-&,%& 
&-%*-(),+35 #&-'()&7:35 +(,*3:(+& (,& 90 mmHg #-( $.(,&6$ 20.9 % +(,*3:(+&, 
#-( 1!G!) :& 1053 mmHg, .& <( #-( #-(%(,+$ 3. 2.5 !G! .3,%(5&3 2000 mmHg. 
P&3 #3,7*.('& #3/*4&:* 3+,(5*:&'()* #-3'*:&% D(;(9+( -&,%/3-*:35 +(*3:(+& 
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#-( #-(%(,+$ 3. 1.5 !G! <( #3-&,%&3 :& 3.2 vol.%  ( 5.6 vol.% #-( #-(%(,+$ 3. 
2.5 !G!. P&+3 )* 1*"3573<(: $ #3%#$:3,%( ,&%$-(,&: +(,3:(+3 #-( #-(%(,+$ 3. 
2.5 !G!, $+$#:& +37(9(:& +(,3:(+& +3)& ,* $ 3/&+/(" $,73/("& #-*:3,( #$%*" 
100 "7 +-/( <( (;:3,(7& 26.8 vol.%. G&+3 .& $ 3/&+/(" $,73/("& 100% ,&%$-(,&:( 
3+,(1*"3573<(: #-*7&;( (; &-%*-(),+* $ /*:,+$ +-/, )*- D(;(9+( -&,%/3-*: 
+(,3:(+ (; #7&;"* ":353 7&+2* #-*7&;( $ (:%*-,%('()$",+$ %*9:3,% (276). P&.& 
,* #-("*:( #-(%(,&+ 3. 3 &#,37$%:* &%"3,D*-* (!G!) +37(9(:& 3. 6.8 "7 
+(,*3:(+& ,* D(;(9+( -&,%/&-& $ 100 "7 #7&;"*. !+3 ,* "(:$%( /37$"*:& ,-'& 
3.->( $ D(;(3732+(" 3+/(-("&, 3/& +37(9(:& +(,*3:(+& )* .3/30:& .& ;&.3/30( 
"*%&<7(9+* #3%-*<* 3-5&:(;"& $ "(-3/&6$. 
P37(9(:& +(,*3:(+& +3)& ,* .3#-*"& .3 %+(/& ;&/(,( 3. "(:$%:35 
/37$"*:& ,-'& ( +37(9(:* +(,*3:(+& $ &-%*-(),+3) +-/( (275).  
DO2 = MV x KO2 
DO2= .3#-*"&6* +(,*3:(+& "7/"(:  
MV = "(:$%:( /37$"*: "7/"(: 
H ,+7&.$ ,& Fik-3/(" #-(:'(#3" +37(9(:& +(,*3:(+& +3)$ #-*$;"* 
'*73+$#&: 3-5&:(;&" $ )*.(:('( /-*"*:& (VO2) )* )*.:&+& +37(9:(+$ "(:$%:35 
/37$"*:& ( +37(9(:* +(,*3:(+& +3)$ %+(/& #-*$;("&)$ (; +-/(. G3 ,* "3>* 
#-*-&9$:&%( +&3 -&;7(+& (;"*C$ +37(9(:* +(,*3:(+& $ &-%*-(),+3) +-/( ( +-/( 
$:$%&- #$7"3:&7:* &-%*-()*. E,:3/:& 1(#3%*;& 1(#*-<&-(9:* 3+,(5*:&'()* ,* 
;&,:(/& :& 9(6*:('( .& 4* #3/*4&:3 ,:&<.*/&6* +(,*3:(+& $ 1(#*-<&-(9:(" 
$,73/("&, #3)&9&%( #3%-326$ +(,*3:(+& ( ;&./30(%( "*%&<37(9+* #3%-*<* $ 
$,73/("& +&.& VO2 ;&/(,( 3.  DO2 (273).  
F-*"& %3"* #3%-326& +(,*3:(+& ,* ;& ,/&+( 3-5&: "3>* #-*-&9$:&%( +&3 
+37(9:(+ #-3%3+& +-/( +-3; .&%( 3-5&: ( -&;7(+* (;"*C$ +37(9(:* +(,*3:(+& $ 
3.53/&-&)$43) &-%*-()( ( +37(9(:* +(,*3:(+& $ 3.53/&-&)$4(" /*:&"&.  
VO2= Q x ([E2]& - [E2]v) 
Q = #-3%3+  +-/( +-3; .&%( 3-5&: 
[E2]& = +37(9(:& +(,*3:(+& $ 3.53/&-&)$43) &-%*-()( 
[E2]v = +37(9(:& +(,*3:(+& $ 3.53/&-&)$43) /*:( 
S+,%-&+'()& +(,*3:(+& SE2 ,* .*D(:(2* +&3 -&;7(+& (;"*C$ +37(9(:* 
+(,*3:(+& +3)( ,$ %+(/& #-*$;*7& (; +-/(, ( +37(9(:* +(,*3:(+& +3)& )* 
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.3,%&/0*:& .3 .&%35& 3-5&:&, ( ;&/(,( 3. ,%*#*:& "*%&<37(9+* &+%(/:3,%( .&%35 
3-5&:& (277). 
SE2 =   ([E2]& - [E2]v) / [E2]& 
1.5.5. 05;3@D9@5P69 E9C?B?6>=@5B7589 
O& -&;7(+$ 3. /&;3+3:,%-(+'()* +3)& :&,%&)* #-("*:3" +&%*137&"(:&, 
1(#*-<&-(9:& /&;3+3:,%-(+'()& :* .3/3.( .3 ,"&6*6& ,:&<.*/&6& %+(/& 
+(,*3:(+3". =(#*-3+,()& $ D(;(3732+( 39$/&:3" %+(/$ (;&;(/& 
/&;3+3:,%-(+'()$, &7( )* 3/&) D*:3"*: +3"#*:;3/&: #3/*4&6*" ,&.->&)& 
+(,*3:(+& $ #7&;"( $ "(+-3/&,+$7&-:3" #-3,%3-$. O:&9&):3 )* .& ,* :&57&,( .& 
3/&+/& /&;3+3:,%-(+'()& :&,%&)* ,&"3 $ %+(/("& +3)& ,$ $ ,%&6$ 1(#*-3+,()*, +&3 
"*1&:(;&" #-*/*:'()* -&;/3)& +(,*3:(9:* %3+,(9:3,%(, .3+ ,* :* -&;/()& $ 
1(#3+,(9+(" %+(/("&. G&+3, =LE 3"35$4&/& .& #&-'()&7:( #-(%(,&+ +(,3:(+& $ 
32%*4*:3" %+(/$ 3,%&:* :& :3-"&7:3" :(/3$ (278).  
U&;3+3:,%-(+'()& $ ;.-&/(" -*5(3:("& $; 39$/&6* #-3%3+& +-3; 
(,1*"(9:* -*5(3:*, .3/3.( .3 -*.(,%-(<$'()* "(:$%:35 /37$"*:& $#-&/3 +& 
#353C*:(" -*5(3:("&. E/&) D*:3"*: )* $ "*.('(:,+3) 7(%*-&%$-( #3;:&% +&3 
“K3<(: =$. SD*+&%“ (275). J& .-$5* ,%-&:*, 3/& /&;3+3,%-(+'()& ,"&6$)* *.*" 
%+(/& $ #3,%%-&$"&%,+3" #*-(3.$, $,7*. ,"&6*6& +&#(7&-:* %-&:,$.&'()*. ?& 
3/&) :&9(: ,* .3#-(:3,( ,&:(-&6$ 3#*+3%(:&, +3"#&-%"*:% ,(:.-3"& +&3 ( +-&2 
#3/-*.& ( "3>* ;:&9&):3 .3#-(:*%( ,"&6*:$ '*-*<-&7:35 ( "*.$7&-:35 *.*"&.    
1.5.6. ,43B=5 H5;3@D9@5P63 ?B>5G3697583 69 3@5=@?75=3 
S-(%-3'(%( ,$ +3:+&/:* 4*7(),+* %/3-*/(:* +3)* "35$ "*6&%( ,/3) 3<7(+ 
#-(7(+3" #-37&,+& +-3; +&#(7&-*, (&+3 )* .()&"*%&- +&#(7&-& "&6( 3. .()&"*%-& 
*-(%-3'(%& (275). J#3,3<:3,% *-(%-3'(%& .& "*6&)$ ,/3) 3<7(+ $"3:53"* $%(9* 
:& /(,+3;:3,% +-/(.  
S+,#*-("*:%&7:3 )* #3+&;&:3 .& #-( #-(%(,'("& "&6(" 3. 2 !G! 
,#3,3<:3,% *-(%-3'(%& .& "*6&)$ ,/3) 3<7(+ -&,%*, .3+ #-( /(2(" #-(%(,'("& 
3#&.&. (279). F-3"*:& /(,+3;:3,%( +-/( "3>* $%('&%( +&+3 :& ,&" #-3%3+, %&+3 ( 
:& ,%*#*: -&;"*:* 5&,3/& :& :(/3$ +&#(7&-&.   
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1.5.7. ,43B=5 H5;3@D9@5P63 ?B>5G3697583 69 ;9@7589F65 ;@5=5>9B 
B5>3?65B9 < =BE5:9 
F3,7*.6( +3-&+ $ +(,*3:(9:3) +&,+&.( )* %-&:,#3-% +(,*3:(+& $ 4*7()* 
(+3:/*+'()3" ( #&,(/:3" .(D$;()3"). J%/&-:& /-*.:3,% #&-'()&7:35 #-(%(,+& 
+(,*3:(+& $ %+(/$ :&,%&)* #3,%(;&6*" -&/:3%*>* (;"*C$ +37(9(:* +(,*3:(+& +3)* 
)* %+(/3 #-*$;*73 (; +-/( ( +37(9(:* +(,*3:(+& +3)* ,$ 4*7()* (,+3-(,%(7* ;& 
,/3)* "*%&<37(9+* #3%-*<* (280, 281). F-*"& %3"*, ,7*.*4( D&+%3-( $%(9$ :& 
#&-'()&7:( #-(%(,&+ +(,*3:(+& $ %+(/$ (275): 
- 73+&7:* *:*-5*%,+* #3%-*<* %+(/& $ ,+7&.$ ,& ,%*#*:3" "*%&<37(;"&, 
- ,#3,3<:3,% +&-.(3/&,+$7&-:35 ,(,%*"& ( "(+-3/&,+$7&-:* #*-D$;()*, 
- +&#&'(%*% +-/( ;& %-&:,#3-% +(,*3:(+&, 
- .(D$;()& +(,*3:(+& (; +&#(7&-& .3 "(%313:.-()& $ .&%3" %+(/$.    





!"# "$%&'(")'*'    
!
61 
!" #$%#&' $&() *#+, %"&,-,%() .(/,+"/'+%() 0#-"/"1", 1"# ( +"%(2() 
($/+"3(&"4" *."&%( 5(6 %"7,* ($/+"3(&"4" 2, 8(# -" $, 0#1"3, '/(5"2 0+(9,%, 
:;< %" /#1 ( ($)#- 0+#/,/(=1, +,)"8(.(/"5(2, 0"5(2,%/" $" 2,-%#$/+"%#9 
"90'/"5(2#9 -#4,* ,1$/+,9(/,/". > #1&(+' *."&%#* 5(6", /"1$"/(&%# $' %"&,-,%( 
#$/".( ?"-"5( $/'-(2,: 
1. >/&+-(/( '/(5"2 $/"4" &".(-%#* ,1$/+,9(/,/" 1#- 0"5(2,%"/"
/+,/(+"%() :;<, %" /#1, /+"2"4, ( ($)#- 0+#/,/(=1, +,)"8(.(/"5(2, '
#-%#$' %" 0"5(2,%/, 1#2( %($' /+,/(+"%( :;<.
2. >/&+-(/( '/(5"2 0#$/#0,+"/(&%() 1#90.(1"5(2" %" -'3(%' /+"2"4"
0+,0+#/,/(=1, 0+(0+,9,, /#1", /+"2"4" ( ($)#-" 0+#/,/(=1,
+,)"8(.(/"5(2,.
3. <-+,-(/( '/(5"2 1#90.(1"5(2" %"$/".() /#1#9 0+#/,/(=1,
+,)"8(.(/"5(2, 1#- 0"5(2,%"/" /+,/(+"%() :;<, %" /#1, /+"2"4, (
($)#- 0+#/,/(=1, +,)"8(.(/"5(2, ' #-%#$' %" 0"5(2,%/, 1#2( %($'
/+,/(+"%( :;<.
4. @"*.,-"/( #+*"%(?"5(#%, ( /,)%(=1, '$.#&, (%1#+0#+"5(2, :;< '
$"&+,9,%( 0+#/#1#. 0+#/,/(=1, +,)"8(.(/"5(2, ?" #-+,A,%#
(%-(1"5(#%# 0#-+'=2,.
5. B+,-.#3(/( 0+#/#1#. 0+(9,%, :;< ' #1&(+' 0+#/,/(=1,
+,)"8(.(/"5(2,.
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3.1. &+,&#"-&.& 
!"#$%&'(%)* +* ,-./(%#'0, 60 1%2'+*3%#% "% +*43,"#$%3,5 %51.#%2'+,5 
4,)*6 *7"#$*5'#*#% (1$'-0'&3, +*43%7* 8%"#.19*3,"#' 0*(* '0' 4*"3* "#$%3*), 
"#%$,"#' ,4 55 4, 75 6,4'3%, ,-% 1,0%, 7,+' ". .79.:*3' . 1$,6$%5* 1$,#*#':7* 
$*/%-'0'#%2'+* ;1*2'+%03* -,03'2* 8% $*/%-'0'#%2'+. ' ,$#,1*4"7. 1$,#*#'7. . 
<*,6$%4.. !3'2'+*03' -$,+ 1%2'+*3%#% 7,+' +* ,-./(%=*3 "#.4'+,5 +* -', 1$*7, 80, 
%0' +* 3% 7$%+. ."0*4 ".-+*7#'(3'/ ' ,-+*7#'(3'/ ,7,03,"#' -$,+ "(*4*3 3% 60 7,+' 
". 1,4$(63.#' 7,510*#3,5 1$,6$%5. 1$,#*#':7* $*/%-'0'#%2'+*. 
3.2. /0)%1)2"3$ 
>%2'+*3#' ". -'0' $%34,5'8,(%3, 1,4*9*3' . 4(* 6$.1*, #%7, 4% "* +*43,+ 
(*7"1*$'5*3#%03,+) 6$.1' 1$'5*3'0% ?<@ .8 "#%34%$43. 1$,#*#':7. 
$*/%-'0'#%2'+. ' #*$%1'+., (30 1%2'+*3%#%), 4,7 "* +* 3% 4$.6,+ (7,3#$,03,+) 6$.1' 
"1$,(*4*3% "#%34%$43%, 1$,#,7,0,5 .#($A*3%, 1$,#*#':7% $*/%-'0'#%2'+% -*8 
4,4%#7% ?<@ #$*#5%3% (30 1%2'+*3%#%). B%34,5'8%2',3% 0'"#% +*  C,$5'$%3% 
1.#*5 $%34,5'8%2',3,6 6*3*$%#,$% '3#*$3*# "%+#% www.randomization.com, . 
,43,". 6$.1% 1:1, 8% .7.13, 60 '"1'#%3'7%, . +*43,5 -0,7. (>$'5*$ 
$%34,5'8%2',3* 0'"#* . 1$'0,6.).  
;#%34%$43% 1$,#*#':7% $*/%-'0'#%2'+% ' #*$%1'+% 1,4$%8.5*(%: 
1. '3#*$3'"#':7. ' C'8'+%#$'+"7. 1$,2*3. 5,6.=3,"#' 1$,#*#':7*
$*/%-'0'#%2'+*,
2. 7'3*8'#*$%1'+"7' #$*#5%3, 7,+' ,-./(%#%:
- $*"1'$%#,$3* (*&-* (4(%4*"*# 1,3%(9%)% "(%7,43*(3,),
- -%34%&'$%)* %51.#%2',3,6 1%#$97% (4(% 1.#% 43*(3, . #$%+%). ,4
4(% "%#%), 
- 1,"#.$%03* (*&-*  (. #$%+%). ,4 4*"*# 5'3.#% "(%7,43*(3,),  
- (*&-* 8% +%:%)* 6$.-* 5'D'=3* "3%6* 6,$)'/ *7"#$*5'#*#% (1*#3%*"# 
1,3%(9%)% "(%7,43*(3,),  
- (*&-* 8% ,:.(%)* ' 1,(*=%)* ,-'5% 1,7$*#9'(,"#' . 860,-,('5% 
(1*#3%*"# 1,3%(9%)% "(%7,43*(3,), 
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- (*&-* 8% +%:%)* 1$*,"#%0* 3%#7,0*3* 5."7.0%#.$* 3%#7,0*3* 3,6* 
(1*#3%*"# 1,3%(9%)% "(%7,43*(3,),  
- #'5"7. 1$*"7$'12'+. 1$,#*8* (7,+. "1$,(,4* 0*7%$ #*$%1*.#, 
1$,#*#':%$ ' 0*7%$ (,A% #'5%),  
- ,-.7. . /,4. "% 1$(,5 1$,#*8,5 (4(% 1.#% 43*(3, . #$%+%). ,4 
:*#$4*"*#1*# 5'3.#%) 
- C%83* 1$,-* $%4' -',5*/%3':7,6 2*3#$'$%)% 1$,#*8* (1, 1,#$*-') 
3. #*$%1'+. C'8'7%03'5 %6*3"'5%:
- 0%"*$ #*$%1'+% (1*#3%*"# #$*#5%3% #,7,5 #$%+%)% $*/%-'0'#%2'+*),
- 5%63*# #*$%1'+% (4(%4*"*# #$*#5%3% #,7,5 #$%+%)% $*/%-'0'#%2'+*),
- #*$%1'+% '3#*$C*$*3#3'5 "#$.+%5% (1*#3%*"# #$*#5%3% #,7,5 #$%+%)%
$*/%-'0'#%2'+*) 
- #*$5, #*$%1'+% (1, 1,#$*-'), 
- *0*7#$,"#'5.0%2'+% (1, 1,#$*-'). 
3.2.1.   ,45467859 :;57<9=4>4 ?@ABC9:A4DA7 :EF:E:GH7A:E89 F4C9I7A484 E4 
854A?76:54DA:6 46F@84C9I:6 
>$,2*3% C.372',3%03* ,"1,",-9*3,"#' 1$*4"#%(9% 83%:%+3. 
7%$%7#*$'"#'7. . $*/%-'0'#%2'+' 1%2'+*3%#% "% %51.#%2'+,5 4,)'/ *7"#$*5'#*#% 
8-,6 #,6% "#, "* "%5 1$,2*" $*/%-'0'#%2'+* 8%"3'(% 3% 1,(*=%). 5,-'03,"#' ' 
"%5,"#%03,"#'. E% "%4% . 1$,#*#':7,+ $*/%-'0'#%2'+' 3* 1,"#,+' 7,3"*38." , 
C.372',3%03,5 '"/,4.. !3"#$.5*3#' C.372',3%03* ,"1,",-9*3,"#' 7,+' "* "%4% 
7,$'"#* . 70'3':7,+ 1$%7"' 5,6. "*-' 1,4*0'#' . #$' ,"3,(3* 6$.1*: 
- .1'#3'2' 7,+* 1,1.)%(% "%5 1%2'+*3#, 
- 1$,C*"',3%03' '8(*D#%+' ' 
- #*"#,(' 5,#,$':7* ' C.372',3%03* ,"1,",-9*3,"#' 
3.2.1.1. /F98A9C9 B:I7 F:F@>4=4  E46 F4C9I7A8 
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@(. 6$.1. '3"#$.5*3%#% 7%$%7#*$'D* +*43,"#%(3,"# 1,"#.17% 8% 1$,2*3.. 
@"'5 0%7* %45'3'"#$%2'+* ,(% 6$.1% '3"#$.5*3%#% $*C0*7#.+* ' 5'D9*)* "%5,6 
1%2'+*3#% 3* "%5, , 7,$'"3,"#' 1$,#*#':7* $*/%-'0'#%2'+*, (*= ' , 8%4,(,9"#(. 
1$.&*3'5 ."0.6%5%. 
3.2.1.2. ,5:?7E9:A4DA9 9J=7K84I9 
@(. 6$.1. '3"#$.5*3%#% 7,$'"#* 70'3':%$'. F1'#3'2' ' #*"#,(' ". 
4*C'3'"%3' #%7, 4% "* 5,$%+. 1,D#,(%#' "#$,6* "5*$3'2*. G*4,"#%#%7 ,('/ 
'3"#$.5*3%#% "* ,60*4% . 5,6.=,+ 1$'"#$%"3,"#' "%5,6 '"1'#'(%:%, 1,"*-3, %7, +* 
,3 .79.:*3 . "%5 1$,2*" $*/%-'0'#%2'+* #*"#'$%3,6 '"1'#%3'7%. 
3.2.1.3. #7E8:=9 6:8:59LB7 9 ?@ABC9:A4DA7 :EF:E:GH7A:E89 
@(' #*"#,(' 1$.&%+. 3%+,-+*7#'(3'+. "0'7. , ."1*D3,"#' 1$,#*#':7* 
$*/%-'0'#%2'+*. 
!3"#$.5*3#' 7,+' "* 7,$'"#* . ,4$*A'(%). C.372',3%03* 
,"1,",-9*3,"#' 1%2'+*3%#% "% +*43,"#$%3,5 %51.#%2'+,5 4,)*6 *7"#$*5'#*#% . 
"(%7,43*(3,+ 70'3':7,+ 1$%7"' ".: G%$%36 "7%0%, 0,7,5,#,$3' '34*7" (LCI) ' #*"# 
/,4% 3% 4(% 5'3.#%. 
3.2.1.3.1. !"#"$% &'"(" 
@(%+ '3"#$.5*3# 8% ,4$*A'(%)* C.372',3%03* ,"1,",-9*3,"#' 
1%2'+*3%#% +* 1$*4"#%(9*3 1$* "7,$, #$'4*"*# 6,4'3%. ;7%0% +* C,$5'$%3% 3% 
,"3,(. 1$%=*)% 500 '"1'#%3'7% . (,+3,5 2*3#$. 8% $*/%-'0'#%2'+. . !34'+'. 
!34'+"7' 3%.:3'7 G%$%36 +* 1,"#%(', +*43,"#%(3. 7%#*6,$'8%2'+. 1%2'+*3%#% "% 
%51.#%2'+%5% 3% ,"3,(. "#*1*3% )'/,(* 1,7$*#9'(,"#' ' 7%"3'+* .1,#$*-* 
1$,#*8*. 
F 1$(,-'#3,+ (*$8'+' G%$%36 +* 1%2'+*3#* 70%"'C'7,(%, . 5 (1*#) 
7%#*6,$'+%: 
1. 1,#1.3, "%5,"#%03' . 7,$'D=*). 1$,#*8*,
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2. "%5,"#%03' .8 .1,#$*-. +*43,6 D#%1% '0' D#%7*,
3. "%5,"#%03' . 7.=3'5 ."0,('5% %0' 8% 7$*#%)* (%3 7.=* 1,#$*-3% ".
'3(. 7,0'2%,
4. "%5,"#%03' . 7$*#%). "% D#%7%5% -*8 1$,#*8*,
5. 7$*=. "* "%5, .8 .1,#$*-. '3(. 7,0'2%.
;7%0% +* 7%"3'+* 5,4'C'7,(%3% #%7, 4% 1990. 6,4 . '"#,5 :%",1'". %.#,$ 
H. >,/+,0*'3*3 "% "%$, 3% ,"3,(. $*8.0#%#% "#.4'+* '8(*4*3* 3% 175 '"1'#%3'7% . 
I'3"7,+, 1$*8*3#,(%, 4,1.)*3. "7%0. "% 7 7%#*6,$'+% ' #,: 
1. /,4 "% 1$,#*8,5 -*8 4,4%#3'/ 1,5%6%0%,
2. /,4 "% 1$,#*8,5 -*8 4,4%#3'/ 1,5%6%0% . 7.=', 8% /,4 (%3 7.=* "%
+*43,5 D#%7,5 '0' D#%1,5,
3. /,4 "% 1$,#*8,5 . 7.=' "% +*43,5 '0' 4(* D#%7*, 8% /,4 (%3 7.=*
1,($*5*3, 1,#$*-3% '3(.7,0'2%,
4. /,4 "% 1$,#*8,5 . 7.=' "% +*43,5 '0' 4(* D#%7*, 8% /,4 (%3 7.=*
1,#$*-3% '3(.7,0'2%,
5. /,4 "% 1$,#*8,5 . 7.=' "% +*43,5 '0' 4(* D#%7* 3% 7$%='5 $*0%2'+%5%,
8% 4.&* 7$*#%)* 1,#$*-3% '3(.7,0'2%,
6. /,4 "% D#%7%5% -*8 1$,#*8*,
7. 7$*#%)* "%5, .8 1,5,= '3(. 7,0'2%.
@-% %.#,$% ". .,:'0% 1,(*8%3,"# 3'(,% %51.#%2'+*, .8$,7% %1.#%2'+* ' 
"#%$,"#' '"1'#%3'7%. <,9' $*8.0#%#' ". 1,"#'63.#' 7,4 50%A'/ 1%2'+*3%#% "% 
#$%.5%#"7'5 %51.#%2'+%5% ' 3% 1,#7,0*3,5 3'(,.. 
3.2.1.3.2. )*'*+*,*#$- -$./'& – LCI 
J,7,5,#,$3' '34*7" 1$*4"#%(9% 4*, 4*#%93'+*6 1,"#.17% 8% 1$,2*3. 
1,83%#,6 1,4 3%8'(,5 ''1$,#*#':7' 1$,C'0 %51.#'$2a'' - Prosthetic Profile for 
Amputees (PPA) %.#,$7* K$'"#'3* L,#+* ' "%$. "% F3'(*$8'#*#% . M,3#$*%0., 
,-+%(9*3,6 1994. 6,4. ;.D#'3% ,(,6 1,"#.17% +* . '8-,$. $%4)'-8%4%#%7% 7,+* 
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'"1'#%3'7 #$*-% 4% '8(*4* "% 1$,#*8,5 (.7.13, 14) ' 7,+' "* 8%#'5 ,2*).+. 2*0'5 
-$,+*('5% 0-3, . 1$(,-'#3,+ (*$8'+', % 7%"3'+* +* 5,4'C'7,(%, I$%3='),3' 
(Franchignoni) "% "%$. . "7%0. "% 5 6$%4%2'+%, ,4 0 4, 4. ;'"#*5 ,2*)'(%)% 4%+* 
'3#*$(%0 '85*A. 5'3'5%03,6 "7,$% (0) ' 5%7"'5%03,6 "7,$% (56), "% 5%7"'5%03'5 
5*A."7,$,5 ,4 28. 
L'7 ' "%$. ". 2006. g,4 . :%",1'". 'Prosthetic and Orthotic Int. ,-+%('0' 
1,"0*4). (*$8'+. LCI "% 4,4%#3'5 "7,$,5 7,+' "* ,43,"' 3% 1%2'+*3#,( &*9*3' 
2'9 ,"1,",-9%(%)%. G% ,(%+ 3%:'3 "* 5,&* 1$%#'#' 3%1$*4%7 ,4 5,5*3#% 1$'+*5% 
1$,#*8* 1% 4, ,#1."#% ' #, 7%7, ,-+*7#'(3, ,2*)'(%)*5 '8($D*3'/ 8%4%#%7% #%7, 
' 1$%=*)*5 "4,4%#3* ($*43,"#'" ,43,"3, "#*1*3% $*%03,"#' ' 7$'#':3,"#' 
1%2'+*3#%. 
;7%0% "* 8%"3'(% 3% ,2*3' 4% 0' '"1'#%3'7 5,&* 4% '8($D' 3*7. ,4 
%7#'(3,"#': 
0 = 3* 5,&* 
1 = 5,&* .8 #.A. 1,5,= 
2 = 5,&* .8 1$'"."#(, 4$.6* ,",-* 
3 = 5,&* "%5,"#%03, .8 1,5,= 1,5%6%0% (D#%7*, /,4%0'2%, D#%1) 
4 = 5,&* "%5,"#%03, -*8 1,5%6%0% 
E%4%2' ". 1,4*9*3' . 4(* 1,46$.1*: 
- ,"3,(3* 
- 3%1$*43* 
@"3,(3' 8%4%2' ".: 
1. ."#%+%)* "% "#,0'2*,
2. /,4 . 8%#(,$*3,5 1$,"#,$.,
3. /,4 3% ,#(,$*3,5 1$,"#,$. 1, $%(3,5 #*$*3.,
4. /,4 .8 "#*1*3'2* .8 .1,#$*-. $.7,/(%#%,
5. /,4 3'8 "#*1*3'2* .8 .1,#$*-. $.7,/(%#%,
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6. 1*)%)* .8 '(':)%7,
7. "'0%&*)* "% '(':)%7%.
G%1$*43' 8%4%2' ".: 
1. 1,4'8%)* 1$*45*#% "% 1,4% '8 "#,+*=*6 "#%(%,
2. ."#%+%)* "% 1,4% (31$. 3%7,3 1%4%),
3. /,4 3% ,#(,$*3,5 1$,"#,$. 1, 3*$%(3,5 #*$*3. (#$%(%, D9.3%7,
3*%"C%0#'$%3% 1,40,6%),
4. /,4 3% ,#(,$*3,5 1$,"#,$. 1$' 0,D'5 ($*5*3"7'5 ."0,('5% (7'D%,
"3*6, 0*4),
5. /,4 .8 "#*1*3'2* -*8 .1,#$*-* $.7,/(%#%,
6. /,4 3'8 "#*1*3'2* -*8 .1,#$*-* $.7,/(%#%,
7. /,4 .8 3,D*)* #*&'/ 1$*45*#%.
3.2.1.3.3. 0/&, 1*." $" 2 +-$2," 
H*"# "* 7,$'"#' 8% 1$,(*$. '84$&9'(,"#' 1%2'+*3#%. M*$' "* 1$*A*3% 
4'"#%32%. J%7 8% '8(,A*)* - 1,#$*-3' ". "%5, 5*#%$ ' D#,1*$'2%. 
3.3. ,5967A4 M9F75G459LA7 :BE9N7A4C9I7 (OP)) 
?<@ #*$%1'+% +* -'0% "1$,(*4*3% . ('D*5*"3,+ -%$,7,5,$' 5,4*0% 
"Haux", . ,7('$. 15 "*%3"', #$%+%)% 60 5'3.#%, 3% 1$'#'"7. ,4 1.7 NHN 
(%#5,"C*$%). F "#.4'+. ". -'0' .79.:*3' 1%2'+*3#' 7,4 7,+'/ +* 4, %51.#%2'+* 
4,D0, ."0*4 6%36$*3* 4'+%-*#*"3* *#',0,6'+*, "% 3%+:*D='5 3'(,'5% %51.#%2'+* 
. "$*4),+ #$*='3% 3%#7,0*3'2* ' "$*4),+ #$*='3' 1,#7,0*3'2*. >%2'+*3#' 7,4 
7,+'/ ". 4'+%63,"#'7,(%3* 83%:%+3* 7,510'7%2'+* #'1% 7,3#$%7#.$%, '3C*72'+% 
,1*$%#'(3,6 $*8%, 4*/'"2*32'+%, 1$,5*3% 3% (%0'43,5 *7"#$*5'#*#. ' "0':3, 
3'". -'0' .7.9.:*3' . '"#$%&'(%)*.  
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3.4. +A4N4 E8@;9I7 9 =7D9L9A4 @J:5B4 
;#.4'+"7' .8,$%7 +* 1$*$%:.3%# 3% ,"3,(. $*8.0#%#% '"#$%&'(%)% Zgonis-
a ' "%$%43'7% (282) 7%, ' Butler-% ' "%$%43'7% (283). F 1$(,+ "#.4'+' +* 
."#%3,(9*3, 4% +* ."1*D3,"# /'1*$-%$':3,6 #$*#5%3% 7,4 "#.4'+"7* 1,1.0%2'+* 
7,+% +* "0':3% ,3,+ 7,+% =* -'#' .79.:*3% ' . 3%D* '"#$%&'(%)*, -'0% 70%. F 
4$.6,+ "#.4'+' +* ."#%3,(9*3, 4% +* $*0%#'(3% $%80'7% ."1*D3,"#' ,43,"3, 
3*."1*D3,"#' #*$%1'+* /'1*$-%$':3'5 7'"*,3'7,5 . 1$*(*32'+' 7,510'7%2'+% 
7,4 %51.#'$%3'/ *7"#$*5'#*#% -'0% 44% ' 35%, D#, +* 1$,"*:3, ,7, 40%. G% 
,"3,(. ,('/ 1,4%#%7%, 1$*41,"#%(9*3% +* #% $%80'7% '85*A. #*$%1'+"7* ' 
7,3#$,03* 6$.1* . 3%D,+ "#.4'+' . 1,60*4. ."1*/% 0*:*)% (70% vs 42%). 
!5%+.=' . ('4. 3%1$*4 3%(*4*3* $%80'7* . .:*"#%0,"#', 8% 1$,$%:.3 
.8,$%7% ". .8*#' %0C% 6$*D7% ,4 0.05 ' "3%6% "#.4'+* ,4 0.8 ' ,43,"% -$,+% 
'"1'#%3'7% . 7,3#$,03,+ ' *7"1*$'5*3#%03,+ 6$.1' 1:1. >$,$%:.3 +* .$%A*3 
7,$'D=*)*5 ,46,(%$%+.=*6 $%:.3%$"7,6 1$,6$%5% (284), 8% 4'/,#,53,, 
1$,"1*7#'(3, ,-*0*&+* ' /'-7(%4$%# #*"#. G% ,(%+ 3%:'3, 4*C'3'#'(3' .8,$%7 +* 
.#($A*3 3% 60 '"1'#%3'7%, ,4 :*6% 30 . *7"1*$'5*3#%03,+ ' 30 . 7,3#$,03,+ 6$.1'. 
3.5. +8489E89LB4 :G54;4 F:;484B4 
 ;#%#'"#':7% ,-$%4% 1,4%#%7% +* $%A*3% . "#%#'"#':7,5 1%7*#. SPSS 18.0 
for Windows. E% ,1'" 1%$%5*#%$% ,4 83%:%+%, . 8%('"3,"#' ,4 )'/,(* 1$'$,4* ".  
7,$'D=*3* 5*#,4* 4*"7$'1#'(3* "#%#'"#'7*, 6$%C':7, ' #%-*0%$3, 1$'7%8'(%)*. 
F 8%('"3,"#' ,4 $%"1,4*0*, 1$,(*$*3* .8 1,5,= Kolmogorov-Smirnov '0' Shapiro-
Wilk #*"#%, 8% %3%0'8. 1,4%#%7% 7,$'D=*3' ". ,46,(%$%+.=' 1%$%5*#$'+"7' '0' 
3*1%$%5*#$'+"7' #*"#,('. H*"#'$%)* 83%:%+3,"#' "#%#'"#':7* $%80'7* '85*A. 
6$.1% +* ,-%(9*3, #-#*"#,5 '0' Mann Whitney #*"#,5. B%80'7% '85*A. 4(% 5*$*)% 
+* %3%0'8'$%3% .1%$*3'5 #-#*"#,5, ,43,"3, Willcoxon-,('5 #*"#,5. O2 #*"# +* 
.1,#$*-9*3 8% '"1'#'(%)* 4% 0' "* 4(% .8,$7% 83%:%+3, $%80'7.+. . 
8%"#.19*3,"#' ,4$*A*3'/ 5,4%0'#*#% 3*7,6 %#$'-.#'(3,6 ,-*0*&+%. F7,0'7, +* 
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4.1.        )*+),+" -'!'-&"!(*&(-" (*.(&'+(-' 
!"#$%&'(%)*+,)+ (HBO) ' "-)*&-,)+ .&/$+ #% )'#/ 0)+1+2)- &+0,'"-3+,% 
$- #*+&-#*' ' $-,/ '#$'*+)'"+, "+- )' $- #*&+)' *%,+ '#$'*+)'"+ )+ "-2-2 2% 
'03&4%)+ +($/*+5'2+. 6-#*-2+7% &+0,'"+ / /0&-"/ ' )'3-/ +($/*+5'2% '0(%8/ 
-3'9 .&/$+ )'2% (-.,- :'*' *%#*'&+)- 0:-. (+,-. :&-2+ '#$'*+)'"+ / $-2%;')'( 
$-;.&/$+(+ (n<5, )'2% '#$/7%) /#,-3 0+ #$&-3-8%7% <2 *%#*+), +,' #% '0 =+:%,% 1 
;+ $&'(%*'*' ;+ #/ /0-&5' ' $- *'( $+&+(%*&'(+ :',' ;-:&- '0:+,+)#'&+)'. >3% 
;3% .&/$% '#$'*+)'"+ &+0,'"-3+,% #/ #% 2%;')- $- *-(% 4*- "-; '#$'*+)'"+ '0 
"-)*&-,)% .&/$% )'"+;+ )'2% :',+ $&'(%7%)+ HBO / *%&+$'2'.  
&/012/ 1. >#)-3)% ;%(-.&+?#"% "+&+"*%&'#*'"% '#$'*+)'"+ (**P<0.01).!
3456/ "786149:1;</2;/ -=;<4=2;/ &18< 
*</4=8< (X±SD) 





A/4"' 25 21 <2 
P=0.222 B%)#"' 5 9 
$>4=7 /:65</?9@1 (n) 
C'2+:%*%#)+ .+).&%)+ 19 19 
/ D+#"/,+&)+ %*'-,-.'2+ 6 9 
=&+/(+ 5 2 
*<4/;/ /:65</?9@1 (n) 
E%3+ 14 14 <2 
P=1.000 C%#)+ 16 16 
+9A= /:65</?9@1 (n) 
@-&7+ *&%F')+ )+*"-,%)'5% 2 3 
/ 
G&%;7+ *&%F')+ )+*"-,%)'5% 11 13 
C-7+ *&%F')+ )+*"-,%)'5% 4 0 
@-&7+ *&%F')+ $-*"-,%)'5% 1 0 
G&%;7+ *&%F')+ $-*"-,%)'5% 10 14 
C-7+ *&%F')+ $-*"-,%)'5% 2 0 
.41<B=C;/ 649:1;/ HBO 5 <14/69@9 (n) 
C+ 10 0 Fisher 
P=0.001*





4.2.   .!)D"+" -%(+(E-(F .'!'D"&'!' +'-)+ 
"-*."!(D"+&'%+)3 ."!()G' 
4.2.1.   H/;<=:871 81;>/?9@1 9  I/;<=:879 0=2 
I+0,'"% / /1%#*+,-#*' ?+)*-(#"'9 #%)0+5'2+ ' ?+)*-(#"-. :-,+ '0(%8/ 
'#$'*+)'"+ '0 %"#$%&'(%)*+,)% ' "-)*&-,)% .&/$% )+ $&'2%(/ ' $&' -*$/#*/ #/ 
$&'"+0+)% / =+:%,' 2. 
H+ $&'2%(/, ?+)*-(#"% #%)0+5'2% #/ #% $&':,'J)- $-;2%;)+"- 1%#*- 
2+3K+,% / -:% .&/$% '#$'*+)'"+. L -:% .&/$% '#$'*+)'"+ ;-4,- 2% ;- #(+7%7+ 
/1%#*+,-#*' ?+)*-(#"'9 #%)0+5'2+ )+"-) %"#$%&'(%)*+,)-. $%&'-;+, *+"- ;+ #/ ' 
$&' -*$/#*/ -:% .&/$% -$%* '(+,% $&':,'J)- $-;2%;)+"/ /1%#*+,-#* ?+)*-(#"'9 
#%)0+5'2+. 
G ;&/.% #*&+)%, ?+)*-(#"' :-, #% )+ $&'2%(/ 1%4F% 2+3K+- / 
%"#$%&'(%)*+,)-2 .&/$' / -;)-#/ )+ '#$'*+)'"% '0 "-)*&-,)% .&/$%. H+"-) 
%"#$%&'(%)*+,)-. $%&'-;+ / %"#$%&'(%)*+,)-2 .&/$' 2% ;-4,- ;- #*+*'#*'1"' 
0)+1+2)-. #(+7%7+ /1%#*+,-#*' ?+)*-(#"-. :-,+ (1786149:1;</2;/ J456/: 
P=0.008, McNemar--3 *%#*; 7=;<4=2;/ J456/: P=0.815, McNemar--3 *%#*), $+ #% 




&/012/ 2. L1%#*+,-#* ?+)*-(#"'9 #%)0+5'2+ ' ?+)*-(#"-. :-,+ '0(%8/ 
'#$'*+)'"+ '0 %"#$%&'(%)*+,)% ' "-)*&-,)% .&/$% )+ $&'2%(/ ' $&' -*$/#*/ 
(**P<0.01).!
!
3456/ "786149:1;</2;/ -=;<4=2;/ &18< 
H/;<=:871 81;>/?9@1 649 649@1:5 (n) 
M(+ 29 23 Fisher 
P=0.052 H%(+ 1 7 
H/;<=:871 81;>/?9@1 649 =<658<5 (n) 
M(+ 13 15 <2 
P=0.605 H%(+ 17 15 
H/;<=:879 0=2 649 649@1:5 (n) 
M(+ 20 8 <2 
P=0.002*
* H%(+ 10 22 
H/;<=:879 0=2 649 =<658<5 (n) 
M(+ 10 7 <2 
P=0.390 H%(+ 20 23 
!
4.2.2.   )789=:1<49@879 ;/2/> 
I+0,'"% -"#'-(%*&'2#"'9 )+,+0+ (:&-2)!  $- $+5'2%)*/ $&' $&'2%(/ ' )+ 
"&+2/ %"#$%&'(%)*+,)-. $%&'-;+ '0(%8/ '#$'*+)'"+ '0 %"#$%&'(%)*+,)% ' 
"-)*&-,)% .&/$% #/ $&'"+0+)% )+ @&+?'"/ 1. 
H+ $&'2%(/ )'2% :',- #*+*'#*'1"' 0)+1+2)% &+0,'"% / -"#'-(%*&'2#"'( 
)+,+0'(+  '0(%8/ '#$'*+)'"+ '0 %"#$%&'(%)*+,)% ' "-)*&-,)% .&/$%. H+"-) 
%"$%&'(%)*+,)-. $%&'-;+ / -:% .&/$% '#$'*+)'"+ -"#'-(%*&'2#"' )+,+0 2% :'- 
#*+*'#*'1"' 0)+1+2)- $-3'4%) / -;)-#/ )+ )+,+0 )+ $&'2%(/, +,' 2% *- $-3%F+7% 
:',- 3%F% / .&/$' '#$'*+)'"+ *&%*'&+)'9 HBO *%&+$'2-(, $+ 2% )+"-) 
%"#$%&'(%)*+,)-. $%&'-;+ &+0,'"+ / -"#'-(%*&'2#"-( )+,+0/ '0(%8/ '#$'*+)'"+ 
'0 %"#$%&'(%)*+,)% ' "-)*&-,)% .&/$% $-#*+,+ #*+*'#*'1"' 0)+1+2)+ ($&-#%1)+ 





34/I97 1. >"#'-(%*&'2#"' )+,+0 "-; '#$'*+)'"+ '0 %"#$%&'(%)*+,)% ' 
"-)*&-,)% .&/$% )+ $&'2%(/ ' )+"-) %"#$%&'(%)*+,)-. $%&'-;+ (+P=0.000, 
Wilcoxon--3 *%#*; bP=0.000, Wilcoxon--3 *%#*;  cP=0.009, Mann-Whitney-%3 *%#*).!
4.2.3.   ./26/?9@/ 6528/ ;/C ADP 
I+0,'"% / $+,$+:',)-#*' $/,#+! )+; ADP $&' $&'2%(/ ' $&' *'(/ 0+ 
;%?')'*'3)- 0+3&4+3+7% $&-*%0% '0(%8/ '#$'*+)'"+ '0 %"#$%&'(%)*+,)% ' 
"-)*&-,)% .&/$% #/ $&'"+0+)% / =+:%,' 3. 
H+ $&'2%(/ )'2% :',- #*+*'#*'1"' 0)+1+2)% &+0,'"% / $+,$+:',)-#*' 
$/,#+ )+; ADP '0(%8/ '#$'*+)'"+ '0 %"#$%&'(%)*+,)% ' "-)*&-,)% .&/$%, 
(%8/*'( *-"-( %"#$%&'(%)*+,)-. $%&'-;+ / %"#$%&'(%)*+,)-2 .&/$' 2% ;-4,- ;- 
$-3%F+7+ :&-2+ '#$'*+)'"+ "-2'(+ 2% $/,# )+;  ADP $-#*+- $+,$+:',+), ;-" #% 
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"-)*&-,)-2 .&/$' )'2% $&-(%)'-, $+ 2% $&' *'(/ 0+ ;%?')'*'3)- 0+3&4+3+7% 
$&-*%0% $/,# :'- $+,$+:',+) "-; #*+*'#*'1"' 0)+1+2)- 3%F%. :&-2+ '#$'*+)'"+ '0 
%"#$%&'(%)*+,)% .&/$%. 
 
&/012/ 3. L1%#*+,-#* $+,$+5'2% $/,#+ )+; ADP "-; '#$'*+)'"+ '0 
%"#$%&'(%)*+,)% ' "-)*&-,)% .&/$% )+ $&'2%(/ ' $&' *'(/ 0+ ;%?')'*'3)- 






./26/?9@/ 6528/ ;/C ADP ;/ 649@1:5 (n) 
6+,$+:',+) 19 18 <2 
P=0.791 H%$+,$+:',+) 11 12 
./26/?9@/ 6528/ ;/C ADP 649 <9:5 >/ C1I9;9<9A;= >/A4K/A/L1 64=<1>1 (n) 
6+,$+:',+) 27 18 Fisher 
P=0.015* H%$+,$+:',+) 3 12 
!
 
4.2.4.   )09:9 :58752/<541 
 
I+0,'"% / -:'(/ )+*"-,%)% ' $-*"-,%)% (/#"/,+*/&% '0(%8/ '#$'*+)'"+ 
'0 %"#$%&'(%)*+,)% ' "-)*&-,)% .&/$% )+ $&'2%(/, $&' *'(/ 0+ $&%#"&'$5'2/ ' 
$&' *'(/ 0+ ;%?')'*'3)- 0+3&4+3+7% #/ $&'"+0+)% )+ @&+?'5'(+ 2 ' 
3.M#$'*+)'5' '0 %"#$%&'(%)*+,)% ' "-)*&-,)% .&/$% )'#/ '(+,' #*+*'#*'1"' 
0)+1+2)- &+0,'1'* -:'( )' )+*"-,%)'5% )' $-*"-,%)'5% )+ $&3-( (%&%7/ ()+ 
$&'2%(/).  
>:'(' ' )+*"-,%)% ' $-*"-,%)% (/#"/,+*/&% 0)+1+2)- #/ #% (%7+,' 
*-"-( 3&%(%)+ (/ *&' &+0,'1'*+ 3&%(%)+ (%&%7+: )+ $&'2%(/, $&' *'(/ 0+ 
$&%#"&'$5'2/ ' $&' *'(/ 0+ ;%?')'*'3)- 0+3&4+3+7%) / -:% .&/$% '#$'*+)'"+ 
(;/<7=21;9?/: %"#$%&'(%)*+,)+ .&/$+: P=0.000, ANOVA #+ $-)-3K%)'( 
(%&%7'(+; "-)*&-,)+ .&/$+: P=0.001, Friedman--3 *%#*; 6=<7=21;9?/: 
%"#$%&'(%)*+,)+ .&/$+: P=0.027, Friedman--3 *%#*; "-)*&-,)+ .&/$+ P=0.016, 
Friedman--3 *%#*). 
>:'( )+*"-,%)% (/#"/,+*/&% )+ ;&/.-( (%&%7/ ($&' *'(/ 0+ 
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)+ $&3-( (%&%7/ ($&' $&'2%(/) / -:% .&/$% '#$'*+)'"+, (%8/*'( -:'( )+*"-,%)% 
(/#"/,+*/&% 2% #*+*'#*'1"' 0)+1+2)- )+#*+3'- ;+ &+#*% #+(- / .&/$' *&%*'&+)-2 
HBO *%&+$'2-( 4*- 2% ;-3%,- ;- )+#*+2+7+ &+0,'"% / 3&%;)-#*'(+ -:'(+ 
)+*"-,%)'5% '0(%8/ '#$'*+)'"+ '0 %"#$%&'(%)*+,)% ' "-)*&-,)% .&/$% )+ *&%F%( 
(%&%7/ ($&' *'(/ 0+ ;%?')'*'3)- 0+3&4+3+7%).  
N*- #% *'1% -:'(+ $-*"-,%)% (/#"/,+*/&%, -) 2% / -:% .&/$% '#$'*+)'"+ 
)+ *&%F%( (%&%7/ :'- #*+*'#*'1"' 0)+1+2)- 3%F' )%.- )+ $&'2%(/, # *'( 4*- 2% ;- 
#*+*'#*'1"' 0)+1+2)-. $-&+#*+ -:'(+ $-*"-,%)% (/#"/,+*/&% / %"#$%&'(%)*+,)-2 
.&/$' ;-4,- / $%&'-;/ '0(%8/ ;&/.-. ' *&%F%. (%&%7+, + / "-)*&-,)-2 .&/$' 
'0(%8/ $&3-. ' ;&/.-. (%&%7+. M#$'*'3+)% .&/$% #% )' / 2%;)-( 3&%(%)/ (%&%7+ 
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34/I97 2. >:'( )+*"-,%)% (/#"/,+*/&% '#$'*+)'"+ '0 %"#$%&'(%)*+,)% 
' "-)*&-,)% .&/$% )+ $&'2%(/, $&' *'(/ 0+ $&%#"&'$5'2/ ' $&' *'(/ 0+ 
;%?')'*'3)- 0+3&4+3+7% (+P=0.041, L$+&%)' * *%#*; bP=0.000, L$+&%)' * *%#*;  
cP=0.000, L$+&%)' * *%#*;  dP=0.011, Wilcoxon--3 *%#*;   eP=0.019, Wilcoxon--3 *%#*; 
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34/I97 3. >:'( $-*"-,%)% (/#"/,+*/&% '#$'*+)'"+ '0 %"#$%&'(%)*+,)% ' 
"-)*&-,)% .&/$% )+ $&'2%(/, $&' *'(/ 0+ $&%#"&'$5'2/ ' $&' *'(/ 0+ 
;%?')'*'3)- 0+3&4+3+7%. (+P=0.019, Wilcoxon--3 *%#*; bP=0.011, Wilcoxon--3 


















                                                                                                                                     80                    
4.2.5.   D9K9M;/ 8;/J/ 
 
I+0,'"% / &%0/,*+*'(+ (+)/%,)-. ('4'F)-. *%#*+ (AA=) 0+ +($/*+5'-)' 
$+*&K+" '0(%8/ '#$'*+)'"+ '0 %"#$%&'(%)*+,)% ' "-)*&-,)% .&/$% )+ $&'2%(/, 
$&' *'(/ 0+ $&%#"&'$5'2/ ' $&' *'(/ 0+ ;%?')'*'3)- 0+3&4+3+7% #/ $&'"+0+)% )+ 
@&+?'"/ 4. 
M#$'*+)'5' '0 %"#$%&'(%)*+,)% (HBO) ' "-)*&-,)% .&/$% #% )'#/ 
#*+*'#*'1"' 0)+1+2)- &+0,'"-3+,' $- ('4'F)-2 #)+0' )+ $&3-( (%&%7/ ()+ 
$&'2%(/).  
A'4'F)+ #)+.+ #% / -:% .&/$% '#$'*+)'"+ #*+*'#*'1"' 0)+1+2)- (%7+,+ 
*-"-( 3&%(%)+ (1786149:1;</2;/ J456/: P=0.000, Friedman--3 *%#*; "-)*&-,)+ 
.&/$+ P=0.016, Friedman--3 *%#*). 
L -:% .&/$% '#$'*+)'"+ -5%)+ )+ (+)/%,)-( ('4'F)-( *%#*/ 2% :',+ 
#*+*'#*'1"' 0)+1+2)- 3%F+ '0 (%&%7+ / (%&%7%, (%8/*'( $-&+#* ('4'F)% #)+.% 
:'- 2% 3%F' / .&/$' '#$'*+)'"+ "-2+ 2% *&%*'&+)+ HBO *%&+$'2-(, *+"- ;+ 2% 3%F )+ 
;&/.-( (%&%7/ )+#*+,+ #*+*'#*'1"' 0)+1+2)+ &+0,'"+ / &%0/,*+*'(+ AA= '0(%8/ 





















                                                                                                                                     81                    
34/I97 4. I%0/,*+*' (+)/%,)-. ('4'F)-. *%#*+ '#$'*+)'"+ '0 
%"#$%&'(%)*+,)% ' "-)*&-,)% .&/$% )+ $&'2%(/, $&' *'(/ 0+ $&%#"&'$5'2/ ' $&' 
*'(/ 0+ ;%?')'*'3)- 0+3&4+3+7% (+P=0.002, Wilcoxon--3 *%#*; bP=0.000, 
Wilcoxon--3 *%#*; cP=0.000, Wilcoxon--3 *%#*; dP=0.046, Wilcoxon--3 *%#*; 
eP=0.002, Wilcoxon--3 *%#*; fP=0.000, Wilcoxon--3 *%#*; gP=0.000, Mann-Whitney-%3 
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4.2.6. -=;<4/7<541 /:65</?9=;=J 6/<4N7/ 
 
I+0,'"% / /1%#*+,-#*' "-)*&+"*/&+ +($/*+5'-)-. $+*&K"+ '0(%8/ 
'#$'*+)'"+ '0 %"#$%&'(%)*+,)% ' "-)*&-,)% .&/$% )+ $&'2%(/ ' $&' *'(/ 0+ 
;%?')'*'3)- 0+3&4+3+7% #/ $&'"+0+)% / =+:%,' 4. 
L1%#*+,-#* "-)*&+"*/&+ +($/*+5'-)-. $+*&K"+ )+ $&'2%(/ :',+ 2% 
#*+*'#*'1"' 0)+1+2)- (+7+ / %"#$%&'(%)*+,)-2 .&/$'. =-"-( %"#$%&'(%)*+,)-. 
$%&'-;+ 2% / -:% .&/$% ;-4,- ;- #(+7%7+ /1%#*+,-#*' "-)*&+"*/&+ +($/*+5'-)-. 
$+*&K"+, *+"- ;+ 2% $&' *'(/ 0+ ;%?')'*'3)- 0+3&4+3+7% $&-*%0% /1%#*+,-#* 
"-)*&+"*/&+ / %"#$%&'(%)*+,)-2 ' "-)*&-,)-2 .&/$' :',+ $&':,'J)- $-;2%;)+"+. 
 
&/012/ 4. L1%#*+,-#* "-)*&+"*/&+ +($/*+5'-)-. $+*&K"+ "-; '#$'*+)'"+ 
'0 %"#$%&'(%)*+,)% ' "-)*&-,)% .&/$% )+ $&'2%(/ ' $&' *'(/ 0+ ;%?')'*'3)- 






-=;<4/7<54/ /:65</?9=;=J 6/<4N7/ ;/ 649@1:5 (n) 
M(+ 11 28 Fisher 
P=0.000** H%(+ 19 2 
-=;<4/7<54/ /:65</?9=;=J 6/<4N7/ 649 <9:5 >/ C1I9;9<9A;= >/A4K/A/L1 64=<1>1 
(n) 
M(+ 4 6 Fisher 




4.2.7.   -=:6297/?9@1 ;/ /:65</?9=;=: 6/<4N75 
 
I+0,'"% / /1%#*+,-#*' "-($,'"+5'2+ )+ +($/*+5'-)-( $+*&K"/ )+ 
$&'2%(/ ' *-"-( $&-5%#+ &%9+:','*+5'2% '0(%8/ '#$'*+)'"+ '0 %"#$%&'(%)*+,)% 
' "-)*&-,)% .&/$% #/ $&'"+0+)% / =+:%,' 5, + &+0,'"% / :&-2/ "-($,'"+5'2+ $- 
$+5'2%)*/ )+ @&+?'"/ 5. 
6&' $&'2%(/ /1%#*+,-#* "-($,'"+5'2+ 2% :',+ $&':,'J)- $-;2%;)+"+ / 
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#(+7%7+  ;-" 2% / "-)*&-,)-2 .&/$' -#*+,+ '#*+, 4*- 2% ;-3%,- ;- $-#*-2+7+ 
#*+*'#*'1"' 0)+1+2)% &+0,'"% / /1%#*+,-#*' "-($,'"+5'2+ '0(%8/ .&/$+ / *-"/ 
&%9+:','*+5'2%. 
N*- #% *'1% :&-2+ "-($,'"+5'2+, %"#$%&'(%)*+,)+ .&/$+ 2% ' )+ $&'2%(/ ' 
/ *-"/ &%9+:','*+5'2% '(+,+ #*+*'#*'1"' 0)+1+2)- (+7' :&-2 "-($,'"+5'2+ $- 
$+5'2%)*/.  
&/012/ 5. L1%#*+,-#* "-($,'"+5'2+ "-; '#$'*+)'"+ '0 %"#$%&'(%)*+,)% 






-=:6297/?9@1 649 649@1:5 (n) 
M(+ 27 30 Fisher 
P=0.237 H%(+ 3 0 
-=:6297/?9@1 5 <=75 41B/0929</?9@1 (n) 
M(+ 24 30 Fisher 
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34/I97 5. O&-2 "-($,'"+5'2+  "-; '#$'*+)'"+ '0 %"#$%&'(%)*+,)% ' 
"-)*&-,)% .&/$% )+ $&'2%(/ ' / *-"/ &%9+:','*+5'2% (+P=0.003, Mann-Whitney-%3 
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4.2.8.  &18< 6= +/4/;J5 
 
I+0,'"% / &%0/,*+*'(+ *%#*+ $- H+&+)./ )+ $&'2%(/ ' ' $&' *'(/ 0+ 
;%?')'*'3)- 0+3&4+3+7% $&-*%0% '0(%8/ '#$'*+)'"+ '0 %"#$%&'(%)*+,)% ' 
"-)*&-,)% .&/$% #/ $&'"+0+)% )+ @&+?'"/ 6. 
@&/$% #% )+ $-1%*"/ %"#$%&'(%)*+,)-. $%&'-;+ )'#/ #*+*'#*'1"' 
0)+1+2)- &+0,'"-3+,% $- 3&%;)-#*'(+ H+&+). #"-&+. H+"-) %"#$%&'(%)*+,)-. 
$%&'-;+ -:% .&/$% '#$'*+)'"+ #/ )+ "-)*&-,)-( (%&%7/ '(+,% #*+*'#*'1"' 
0)+1+2)- )'J% 3&%;)-#*' H+&+). #"-&+, + -3- #(+7%7%  2%  :',- '0&+J%)'2% / 
.&/$' '#$'*+)'"+ "-2' #/ :',' $-;3&.)/*' HBO *%&+$'2', *+"- ;+ #/ -3' 
'#$'*+)'5' )+ "-)*&-,)-(  (%&%7/ :',' -5%7%)' #+ #*+*'#*'1"' 0)+1+2)- )'J'( 
H+&+). #"-&-( -; "-)*&-,)% .&/$% '#$'*+)'"+.  
 
34/I97 6. G"-& )+ *%#*/ $- H+&+)./ / %"#$%&'(%)*+,)-2 ' "-)*&-,)-2 
.&/$' '#$'*+)'"+ )+ $&'2%(/ ' $&' *'(/ 0+ ;%?')'*'3)- 0+3&4+3+7% $&-*%0% 
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4.2.9.   LCI <18< 
I+0,'"% / &%0/,*+*'(+ *%#*+ ,-"-(-*-&)-. ');%"#+ )+ $&'2%(/ ' ' $&' 
*'(/ 0+ ;%?')'*'3)- 0+3&4+3+7% $&-*%0% '0(%8/ '#$'*+)'"+ '0 %"#$%&'(%)*+,)% 
' "-)*&-,)% .&/$% #/ $&'"+0+)% )+ @&+?'"/ 7, + &+0,'"+ / /"/$)-( LCI #"-&/ 
'0(%8/ '#$'*+)'"+ '0 %"#$%&'(%)*+,)% ' "-)*&-,)% .&/$% 2% $&'"+0+)+ )+ 
@&+?'"/ 8.!
!"#$%&'(%)*+,)+ ' "-)*&-,)+ .&/$+ #% )+ $&'2%(/ )'#/ &+0,'"-3+,% $- 
$-#*'.)/*'( 3&%;)-#*'(+ LCI #"-&+. 6&' *'(/ 0+ ;%?')'*'3)- 0+3&4+3+7% 
$&-*%0% -:% .&/$% $-#*'.,% #/ 3%F' LCI #"-& / -;)-#/ )+ &%0/,*+*% $&' $&'2%(/, 
+,' 2% -3- $-3%F+7% :',- 3%F% / %"#$%&'(%)*+,)-2 .&/$', $+ 2% $&' *'(/ 0+ 
;%?')'*'3)- 0+3&4+3+7% $&-*%0% /-1%)+ #*+*'#*'1"' 0)+1+2)+ &+0,'"+ / 
3&%;)-#*'(+ LCI #"-&+ '0(%8/ %"#$%&'(%)*+,)% ' "-)*&-,)% .&/$%. 
34/I97 7. G"-& )+ LCI *%#*/ / %"#$%&'(%)*+,)-2 ' "-)*&-,)-2 .&/$' 
'#$'*+)'"+ )+ $&'2%(/ ' $&' *'(/ 0+ ;%?')'*'3)- 0+3&4+3+7% $&-*%0% (+P=0.000, 
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N*- #% *'1% /"/$)-. LCI #"-&+, %"#$%&'(%)*+,)+ ' "-)*&-,)+ .&/$+ #% )'#/ 
#*+*'#*'1"' 0)+1+2)-  &+0,'"-3+,%. 
 





4.2.10. &18< B=C/ 2 :9;5</ 
 
I+0,'"% / &%0/,*+*'(+ *%#*+ 9-;+ 0+ 2 (')/*+ )+ $&'2%(/ ' ' $&' *'(/ 0+ 
;%?')'*'3)- 0+3&4+3+7% $&-*%0% '0(%8/ '#$'*+)'"+ '0 %"#$%&'(%)*+,)% ' 
"-)*&-,)% .&/$% #/ $&'"+0+)% )+ @&+?'"/ 9. 
O&-2 $&%8%)'9 (%*+&+ )+ *%#*/ 9-;+ 0+ 2 (')/*+ )'2% #% #*+*'#*'1"' 0)+1+2)- 
&+0,'"-3+- '0(%8/ .&/$+ )' $&' $&'2%(/ )' $&' *'(/ 0+ ;%?')'*'3)- 0+3&4+3+7% 
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34/I97 9. O&-2 $&%8%)'9 (%*+&+ )+ *%#*/ 9-;+ 0+ 2 (')/*+ / %"#$%&'(%)*+,)-2 
' "-)*&-,)-2 .&/$' '#$'*+)'"+ )+ $&'2%(/ ' $&' *'(/ 0+ ;%?')'*'3)- 





4.2.11.   ,41:1 64=<1<9O71 41B/0929</?9@1  
 
D&%(% $&-*%*'1"% &%9+:','*+5'2% (/ ;+)'(+) -;: 1) $&'2%(+ ;- 
$&%#"&'$5'2% $&3% $&-*%0%, 2) ;-:'2+7+ $&3% $&-*%0% ;- ;%?')'*'3)-. 
0+3&4+3+7+ $&-*%0%, ' 3) -; $&'2%(+ ;- -*$/#*+ / -:% .&/$% '#$'*+)'"+ $&'"+0+)- 
2% )+ @&+?'"/ 10. 
!"#$%&'(%)*+,)+ ' "-)*&-,)+ .&/$+ #% )'#/ #*+*'#*'1"' 0)+1+2)- 
&+0,'"-3+,% $- 3&%(%)/ $&-*%*'1"% &%9+:','*+5'2% / $&3-2 ' ;&/.-2 ?+0', +,' #% 




&%9+:','*+5'2% (-; $&'2%(+ ;- -*$/#*+), / #('#,/ ;+ 2% -3- 3&%(% :',- 0)+1+2)- 
"&+F% / .&/$' '#$'*+)'"+ *&%*'&+)'9 HBO *%&+$'2-(. 
34/I97 10. D&%(% $&-*%*'1"% &%9+:','*+5'2% (/ ;+)'(+) -;: 1) $&'2%(+ 
;- $&%#"&'$5'2% $&3% $&-*%0%, 2) ;-:'2+7+ $&3% $&-*%0% ;- ;%?')'*'3)-. 
0+3&4+3+7+ $&-*%0%, ' 3) -; $&'2%(+ ;- -*$/#*+ / %"#$%&'(%)*+,)-2 ' "-)*&-,)-2 








!"# $# "#%& '()$ *+,-&$. /)$& ,/.0,$, 1. ,*2#31)*+ 456 , +#(.2&$& 
7()1&81&7 1#0.(.*+.$,%&7 (.1. -)9&7 #*/*+(#:&+#+. (285, 286 & -(,;&7 )'<&/. 
+#3/); )3+#%#9. :#/&7 +/&". (287). =#>,+&:, 2)-.?& ) :);,%#: 2)0&+&"1): 
-#$*+", 456 1. 2()+#+&8/, (#7.'&<&+.?&$, 2.?&$#1.+. /.-., ,2(/)* *"&: 
2(&:#9#1&: +#(.2&$*/&: 2()?#-,(.:. -) .:2,+.?&$# &2./ -)>#, *, (.(&+#+1&. , 
+): *:&*<,, ?&@ )"); &*+(.A&".9. $# '&) -. &*2&+.:) ,+&?.$ 456 1. 
(#7.'&<&+.?&$, 2.?&$#1.+. *. $#-1)*+(.1): .:2,+.?&$): -)9#; #/*+(#:&+#+..  
B(#+(.;): <&+#(.+,(# -)3<& *:) *.:) -) -"# /<&1&8/# *+,-&$# , 8&$#: 
*"#+<, '& *# :);<& .1.<&0&(.+& 1.3& (#0,<+.+&. C 2(&/.0, *<,8.$., Sohal & 
/).,+)(& (288) 2(.+&<& *, #D#/+# 456 1. 2()+#+&8/, (#7.'&<&+.?&$, 67-
;)-&39# 2.?&$#1+/&9# *. 2)+/)<#1): .:2,+.?&$): -#*1# 1);# (,*<#- ;.*1# 
;.1;(#1#) & ,01.2(#-)".<): 7()1&81): )2*+(,/+&"1): ')<#3%, 2<,%.. C 
1."#-#1)$ *+,-&$& 2(&/.0.1 $# *<,8.$ 2()+#+&8/# (#7.'&<&+.?&$# *.:) 1 
2.?&$#1+/&9# 3+) *"././) 1&$# -)")@1) 0. -)1)3#9# 2(#?&01&$&7 & 2)+2,1&$&7 
0./@,8./.. &2./, )8&;<#-1) $# -. *#, & 2)(#- 1#*,:9&"&7 (.0<&/., )"& (#0,<+.+& 
1.<.0# , /)(#<.?&$& *. *.01.9&:. *.-.39# *+,-&$#. C -(,;)$ *+,-&$&, Ciarivino & 
*.(.-1&?& (289) &*2&+&".<& *, #D#/+# 456 1. (.0<&8&+. )')@#9. -)9&7 
#/*+(#:&+#+., ,/@,8,$,%& & .:2,+.?&$#. E)'&$#1& (#0,<+.+& ,/.0.<& *, 1. +) -. $# 
2(&:#1. 456 -)"#<. -) 2)')@3.9. /)- *.:) 11% 2.?&$#1.+. ,/@,8#1&7 , 
*+,-&$,, -)/ /)- )*+.<&7 1&$# '&<) 01.8.$1&$&7 (#0,<+.+.. &0 .*2#/+. 1.3#; 
&*+(.A&".9., ".A1) $# 1.2):#1,+& -. $# 1."#-#1): *+,-&$): )',7".%#1. 2(#"&3# 
7#+#();#1. ;(,2. 2.?&$#1.+. - )- 54-")() *.:) 13-)() (24%) 9&7 $# &:.<) 
.:2,+&(.1& #/*+(#:&+#+, )*+.<& *, '&<& 2)-"(;1,+& 456 (.-& <#8#9. 
-&$.'#+#*1&7 ,<?#(.?&$., ,<?#(.?&$. ,<*#- .(+#(&$*/# &1*,D&?&$#1?&$# & 
;.1;(#1)01&7 <#0&$.. F./)>#, 1# 2)*+)$& 2)-.+./ -. <& $# :#>, 2.?&$#1+&:. /)- 
/)$&7 $# 2(&:#%#1) 2)')@3.9# '&<) )1&7 *. .:2,+&(.1&: -)9&: #/*+(#:&+#+): 
3+) 01.8.$1) )+#A.". /(&+&8/) (.0:.+(.9# (#0,<+.+.. 
! -(,;# *+(.1#, &*+(.A&".9. 1. .1&:.<1&: :)-#<&:. *,;#(&3, 
2)0&+&".1 ,+&?.$ 456 , +(#+:.1, .:2,+&(.1&7 #/*+(#:&+#+. (290). 1.&:#, 
2)/.0.1) $# -. 2(&:#1. 456 (100% 62, 2.9 .F., 24 ° G, , +(.$.9, )- 240 :&1,+.) 
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:)A# 2)-*+.%& )8,".9# :#+.')<&8/&7 2()?#*. & *2(#8.".9# 1.*+.1/. .?&-)0# 
.:2,+&(.1&7 0.-9&7 #/*+(#:&+#+. 2.?)". (290).  
6"& (#0,<+.+& 2(#-*+."@.$, $)3 $#-1, 2)+"(-, 7&2)+#0# ) )8,".9, +/&". 
2)- ,+&?.$#: /&*#)1&/. , 7&2#('.(&81&: ,*<)"&:.. &2./, 9&7)". /<&1&8/. 
2(&:#1. 0.7+#". *2()")>#9# *+();) /)1+()<&*.1&7 /<&1&8/&7 *+,-&$. 1. "#<&/): 
'()$, 2.?&$#1.+..  
  
C 1.3)$ &*2&+&".1)$ ;(,2& D.1+):*/# *#10.?&$# *, *# 2(&'<&A1) 
2)-$#-1./) 8#*+) $."@.<# , )'# ;(,2# &*2&+.1&/. 1. 2(&$#:, , ')<1&?,. C )'# 
;(,2# &*2&+.1&/. -)3<) $# -) *:.9#9. ,8#*+.<)*+& D.1+):*/&7 *#10.?&$. 1./)1 
#/*2#(&:#1+.<1); 2#(&)-., +./) -. *, & 2(& )+2,*+, )'# ;(,2# )2#+ &:.<# 
2(&'<&A1) 2)-$#-1./, ,8#*+.<)*+ D.1+):*/&7 *#10.?&$.. ! -(,;# *+(.1#, 
D.1+):*/& ')< *# 1. 2(&$#:, 8#3%# $."@.) , #/*2#(&:#1+.<1)$ ;(,2& , )-1)*, 1. 
&*2&+.1&/# &0 /)1+()<1# ;(,2#. H./)1 #/*2#(&:#1+.<1); 2#(&)-. , 
#/*2#(&:#1+.<1)$ ;(,2& $# -)3<) -) *+.+&*+&8/& 01.8.$1); *:.9#9. ,8#*+.<)*+& 
D.1+):*/); ')<., 2. *# 1. )+2,*+, D.1+):*/& ')< $."@.) 2(&'<&A1) ,$#-1.8#1) , 
)'# ;(,2#. 
H. 2(&$#:, 1&$# '&<) *+.+&*+&8/& 01.8.$1# (.0<&/# , )/*&):#+(&$*/&: 
1.<.0&:.  &0:#>, &*2&+.1&/. &0 #/*2#(&:#1+.<1# & /)1+()<1# ;(,2# (I(.D&/ 1). 
H./)1 #/2#(&:#1+.<1); 2#(&)-. , )'# ;(,2# &*2&+.1&/. )/*&):#+(&$*/& 1.<.0 $# 
'&) *+.+&*+&8/& 01.8.$1) 2)"&3#1 , )-1)*, 1. 1.<.0 1. 2(&$#:,, .<& $# +) 
2)"#%.9# '&<) "#%# , ;(,2& &*2&+.1&/. +(#+&(.1&7 HBO +#(.2&$):, 2. $# 1./)1 
#/*2#(&:#1+.<1); 2#(&)-. (.0<&/. , )/*&):#+(&$*/): 1.<.0, &0:#>, &*2&+.1&/. 
&0 #/*2#(&:#1+.<1# & /)1+()<1# ;(,2# 2)*+.<. *+.+&*+&8/& 01.8.$1. (2()*#81. 
"(#-1)*+ )/*&):#+(&$*/); 1.<.0. $# '&<. "#%. /)- &*2&+.1&/. +(#+&(.1&7 HBO 
+#(.2&$):). 
H. 2(&$#:, 1&$# '&<) *+.+&*+&8/& 01.8.$1# (.0<&/# , 2.<2.'&<1)*+& 
2,<*. 1.- ADP &0:#>, &*2&+.1&/. &0 #/*2#(&:#1+.<1# & /)1+()<1# ;(,2# (F.'#<. 
3), :#>,+&: +)/): #/*2#(&:#1+.<1); 2#(&)-. , #/*2#(&:#1+.<1)$ ;(,2& $# -)3<) 
-) 2)"#%.9. '()$. &*2&+.1&/. /)$&:. $# 2,<* 1.-  ADP 2)*+.) 2.<2.'&<.1, -)/ *# 
)-1)* &*2&+.1&/. *. 2.<2.'&<1&: & 1#2.<2.'&<1&: 2,<*): 1.- ADP  , 
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/)1+()<1)$ ;(,2& 1&$# 2():#1&), 2. $# 2(& +&:, 0. -#D&1&+&"1) 0."(3.".9# 
2()+#0# 2,<* '&) 2.<2.'&<.1 /)- *+.+&*+&8/& 01.8.$1) "#%#; '()$. &*2&+.1&/. &0 
#/*2#(&:#1+.<1# ;(,2#. 
J*2&+.1&?& &0 #/*2#(&:#1+.<1# & /)1+()<1# ;(,2# 1&*, &:.<& 
*+.+&*+&8/& 01.8.$1) (.0<&8&+ )'&: 1& 1.+/)<#1&?# 1& 2)+/)<#1&?# 1. 2("): 
:#(#9, (1. 2(&$#:,). (I(.D&?& 2 & 3). 
6'&:& & 1.+/)<#1# & 2)+/)<#1# :,*/,<.+,(# 01.8.$1) *, *# :#9.<& 
+)/): "(#:#1. (, +(& (.0<&8&+. "(#:#1. :#(#9.: 1. 2(&$#:,, 2(& +&:, 0. 
2(#*/(&2?&$, & 2(& +&:, 0. -#D&1&+&"1) 0."(3.".9#) , )'# ;(,2# &*2&+.1&/. . 
6'&: 1.+/)<#1# :,*/,<.+,(# 1. -(,;): :#(#9, (2(& +&:, 0. 
2(#*/(&2?&$,) *+.+&*+&8/& 01.8.$1) $# '&) "#%& , )-1)*, 1. &0:#(#1# "(#-1)*+& 
1. 2("): :#(#9, (2(& 2(&$#:,) , )'# ;(,2# &*2&+.1&/., :#>,+&: )'&: 1.+/)<#1#
:,*/,<.+,(# $# *+.+&*+&8/& 01.8.$1) 1.*+."&) -. (.*+# *.:) , ;(,2& +(#+&(.1)$ 
HBO +#(.2&$): 3+) $# -)"#<) -) 1.*+.$.9. (.0<&/# , "(#-1)*+&:. )'&:. 
1.+/)<#1&?# &0:#>, &*2&+.1&/. &0 #/*2#(&:#1+.<1# & /)1+()<1# ;(,2# 1. +(#%#: 
:#(#9, (2(& +&:, 0. -#D&1&+&"1) 0."(3.".9#).  
K+) *# +&8# )'&:. 2)+/)<#1# :,*/,<.+,(#, )1 $# , )'# ;(,2# &*2&+.1&/. 
1. +(#%#: :#(#9, '&) *+.+&*+&8/& 01.8.$1) "#%& 1#;) 1. 2(&$#:,, * +&: 3+) $# -)
*+.+&*+&8/& 01.8.$1); 2)(.*+. )'&:. 2)+/)<#1# :,*/,<.+,(# , #/*2#(&:#1+.<1)$ 
;(,2& -)3<) , 2#(&)-, &0:#>, -(,;); & +(#%#; :#(#9., . , /)1+()<1)$ ;(,2& 
&0:#>, 2("); & -(,;); :#(#9.. J*2&+&".1# ;(,2# *# 1& , $#-1): "(#:#1, :#(#9. 
1&*, *+.+&*+&8/& 01.8.$1) (.0<&/)".<# 2) )"): 2.(.:#+(,. 
J*2&+.1&?& &0 #/*2#(&:#1+.<1# (HBO) & /)1+()<1# ;(,2# *# 1&*, 
*+.+&*+&8/& 01.8.$1) (.0<&/)".<& 2) :&3&%1)$ *1.0& 1. 2("): :#(#9, (1. 
2(&$#:,).  
=&3&%1. *1.;. *# , )'# ;(,2# &*2&+.1&/. *+.+&*+&8/& 01.8.$1) :#9.<. 
+)/): "(#:#1. (I(.D&/ 4).  C )'# ;(,2# &*2&+.1&/. )?#1. 1. :.1,#<1): 
:&3&%1): +#*+, $# '&<. *+.+&*+&8/& 01.8.$1) "#%. &0 :#(#9. , :#(#9#, :#>,+&: 
2)(.*+ :&3&%1# *1.;# '&) $# "#%& , ;(,2& &*2&+.1&/. /)$. $# +(#+&(.1. HBO 
+#(.2&$):, +./) -. $# "#% 1. -(,;): :#(#9, 1.*+.<. *+.+&*+&8/& 01.8.$1. (.0<&/. 
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, (#0,<+.+&:. ==F &0:#>, #/*2#(&:#1+.<1# & /)1+()<1# ;(,2#, . )". (.0<&/. 
)-(A.<. *# & 1. +(#%#: :#(#9,. 
C8#*+.<)*+ /)1+(./+,(. .:2,+.?&)1); 2.+(@/. 1. 2(&$#:, '&<. $# 
*+.+&*+&8/& 01.8.$1) :.9. , #/*2#(&:#1+.<1)$ ;(,2& (F.'#<. 4). F)/): 
#/*2#(&:#1+.<1); 2#(&)-. $# , )'# ;(,2# -)3<) -) *:.9#9. ,8#*+.<)*+& 
/)1+(./+,(. .:2,+.?&)1); 2.+(@/., +./) -. $# 2(& +&:, 0. -#D&1&+&"1) 
0."(3.".9# 2()+#0# ,8#*+.<)*+ /)1+(./+,(. , #/*2#(&:#1+.<1)$ & /)1+()<1)$ 
;(,2& '&<. 2(&'<&A1) 2)-$#-1./.. 
! -(,;# *+(.1# 2(& 2(&$#:, ,8#*+.<)*+ /):2<&/.?&$. $# '&<. 2(&'<&A1) 
2)-$#-1./. , )'# ;(,2#, .<& $# , #/*2#(&:#1+.<1)$ ;(,2& , +)/, (#7.'&<&+.?&$# 
-)3<) -) 9#1); *:.9#9.  -)/ $# , /)1+()<1)$ ;(,2& )*+.<. &*+., 3+) $# -)"#<) -) 
2)*+)$.9. *+.+&*+&8/& 01.8.$1# (.0<&/# , ,8#*+.<)*+& /):2<&/.?&$. &0:#>, ;(,2. 
, +)/, (#7.'&<&+.?&$# (F.'#<. 5) 
K+) *# +&8# '()$. /):2<&/.?&$., #/*2#(&:#1+.<1. ;(,2. $# & 1. 2(&$#:, & 
, +)/, (#7.'&<&+.?&$# &:.<. *+.+&*+&8/& 01.8.$1) :.9& '()$ /):2<&/.?&$. 2) 
2.?&$#1+,.  
L(,?&$.<1& -#) 1.3&7 (#0,<+.+.+. 2(#-*+."@$, &*7)-& +#*+)". 
D,1/?&)1.<1# )*2*)'9#1)*+& 2) H.(.1;,, MGJ & +#*+ 7)-. 1. -". :&1,+.. 
N.0<&/# , (#0,<+.+&:. +#*+. 2) H.(.1;, 1. 2(&$#:, & & 2(& +&:, 0. -#D&1&+&"1) 
0."(3.".9# 2()+#0# &0:#>, &*2&+.1&/. &0 #/*2#(&:#1+.<1# & /)1+()<1# ;(,2# *, 
2(&/.0.1# 1. I(.D&/, 6. I(,2# *# 1. 2)8#+/, #/*2#(&:#1+.<1); 2#(&)-. 1&*, 
*+.+&*+&8/& 01.8.$1) (.0<&/)".<# 2) "(#-1)*+&:. H.(.1; */)(.. H./)1 
#/*2#(&:#1+.<1); 2#(&)-. )'# ;(,2# &*2&+.1&/. *, 1. /)1+()<1): :#(#9, &:.<# 
*+.+&*+&8/& 01.8.$1) 1&A# "(#-1)*+& H.(.1; */)(., . )") *:.9#9#  $#  '&<) 
&0(.A#1&$# , ;(,2& &*2&+.1&/. /)$& *, '&<& 2)-"(;1,+& HBO +#(.2&$&, +./) -. *, 
)"& &*2&+.1&?& 1. /)1+()<1):  :#(#9, '&<& )?#9#1& *. *+.+&*+&8/& 01.8.$1) 
1&A&: H.(.1; */)(): )- /)1+()<1# ;(,2# &*2&+.1&/..  
N.0<&/# , (#0,<+.+&:. +#*+. <)/):)+)(1); &1-#/*. 1. 2(&$#:, & & 2(& 
+&:, 0. -#D&1&+&"1) 0."(3.".9# 2()+#0# &0:#>, &*2&+.1&/. &0 #/*2#(&:#1+.<1# 
& /)1+()<1# ;(,2# *, 2(&/.0.1# 1. I(.D&/, 7, . (.0<&/. , ,/,21): LCI */)(, 
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&0:#>, &*2&+.1&/. &0 #/*2#(&:#1+.<1# & /)1+()<1# ;(,2# $# 2(&/.0.1. 1. 
I(.D&/, 8. 
O/*2#(&:#1+.<1. & /)1+()<1. ;(,2. *# 1. 2(&$#:, 1&*, (.0<&/)".<# 2) 
2)*+&;1,+&: "(#-1)*+&:. LCI */)(.. B(& +&:, 0. -#D&1&+&"1) 0."(3.".9# 
2()+#0# )'# ;(,2# 2)*+&;<# *, "#%& LCI */)( , )-1)*, 1. (#0,<+.+# 2(& 2(&$#:,, 
.<& $# )") 2)"#%.9# '&<) "#%# , #/*2#(&:#1+.<1)$ ;(,2&, 2. $# 2(& +&:, 0. 
-#D&1&+&"1) 0."(3.".9# 2()+#0# ,)8#1. *+.+&*+&8/& 01.8.$1. (.0<&/. , 
"(#-1)*+&:. LCI */)(. &0:#>, #/*2#(&:#1+.<1# & /)1+()<1# ;(,2#. 
=#>,+&:, 3+) *# +&8# ,/,21); LCI */)(., #/*2#(&:#1+.<1. & /)1+()<1. 
;(,2. *# 1&*, *+.+&*+&8/& 01.8.$1)  (.0<&/)".<#. 
N.0<&/# , (#0,<+.+&:. +#*+. 7)-. 0. 2 :&1,+. 1. 2(&$#:, & & 2(& +&:, 0. 
-#D&1&+&"1) 0."(3.".9# 2()+#0# &0:#>, &*2&+.1&/. &0 #/*2#(&:#1+.<1# & 
/)1+()<1# ;(,2# *, 2(&/.0.1# 1. I(.D&/, 9. 
5()$ 2(#>#1&7 :#+.(. 1. +#*+, 7)-. 0. 2 :&1,+. 1&$# *# *+.+&*+&8/& 
01.8.$1) (.0<&/)".) &0:#>, ;(,2. 1& 2(& 2(&$#:, 1& 2(& +&:, 0. -#D&1&+&"1) 
0."(3.".9# 2()+#0#. E) 2)')@3.9. (#0,<+.+. 1. )"): +#*+, +)/): "(#:#1. 
-)3<) $# , )'# ;(,2# &*2&+.1&/.. 
F./)>#, #/*2#(&:#1+.<1. & /)1+()<1. ;(,2. *# 1&*, *+.+&*+&8/& 01.8.$1) 
(.0<&/)".<# 2) "(#:#1, 2()+#+&8/# (#7.'&<&+.?&$# , 2(")$ & -(,;)$ D.0&, .<& *# 
$#*, *+.+&*+&8/& 01.8.$1) (.0<&/)".<# 2) ,/,21): "(#:#1, 2()+#+&8/# 
(#7.'&<&+.?&$# ()- 2(&$#:. -) )+2,*+.), , *:&*<, -. $# )") "(#:# '&<) 01.8.$1) 
/(.%# , ;(,2& &*2&+.1&/. +(#+&(.1&7 456 +#(.2&$):. 
I#1#(.<1) *# 1.3& (#0,<+.+& :);, *.'(.+& , *<#-#%#:: C2)(#>,$,%& 
*1.;, & &0-(A@&")*+ .:2,+&(.1); 2.+(@/., /.) & -,A&1, 7)-. *. 2()+#0): )"#
2.?&$#1+/&9# & &*+&7 2.(.:#+.(. )*)'. 9#1&7 ;)-&1., -)3<& *:) +./)># -) 
0./@,8/. -. *2()"#-#1& (#7.'&<&+.?&)1& 2();(.: ,0 -)-.+1, 2(&:#1, 456, 
01.8.$1) 2)')@3.". & ,'(0.". )2)(."./ )"# 2.?&$#1+/&9# *. +#3/): /<&1&8/): 
*<&/):. 1#-)*+.?& )"# *+,-&$# *# *"././) )-1)*# 1. 1#2)*+)$.9# .-#/".+1# 
/)1+()<1# ;(,2# & ,"&-. , '()$ 456 +(#+:.1..  B(),8.".$,%& (#0,<+.+# MGJ 
+#*+. & H.(.1; */.<# ,)8&<& *:) -. $# ,*2#7 2()+#+&8/# (#7.'&<&+.?&$# 1.3&7 
2.?&$#1.+. '&) 1#*,:9&") &0(.A#1&$& , ;(,2& +(#+&(.1)$ 456. 1.3& (#0,<+.+& 
!"#$%#"&' 
96 
$.*1) 2)/.0,$, -. , *<,8.$, 7):);#1# ;(,2# 2.?&$#1.+., *+.1-.(-1. 2()+#+&8/. 
(#7.'&<&+.?&$. & +#(.2&$., ,0 2(&:#1, 456 ):);,%.". ')@, D,1/?&)1.<1, 
)*2)*)'@#1)*+ )"&7 2.?&$#1.+..  
C &1+#(2(#+.?&$& (#0,<+.+. 1.3# *+,-&$# +(#'. &:.+& 1. ,:, & 
:#+)-)<)3/. );(.1&8#9., 2(# *"&7 8&9#1&?, -. *+,-&$. 1&$# '&<. :.*/&(.1., +# 
2)*+)$& :);,%1)*+ 1.(,3.".9. )'$#/+&"1)*+& )?#1# #D#/.+. 2(&:#9#1# +#(.2&$#. 
!2()")>#9# -")*+(,/)-*<#2# &1+#("#1?&$# , )'<.*+& 7&2#('.(&81# :#-&?&1# $# 
*/)28.1) *. 01.8.$1&: <);&*+&8/&: 2()'<#:&:., .<& $# &2./ :);,%#, +./) -. 
',-,%. &*+(.A&".9. +(#'. -. ,".A# )", 8&9#1&?, (291). J2./, (#0,<+.+& 1.3# 
*+,-&$# 2(#-*+."@.$, 01.8.$.1 -)2(&1)* &:.$,%& , "&-, 2()*2#/+&"1& -&0.$1, 1# 
:.<& '()$ &*2&+.1&/. & ,2)+(#', ".<&-1&7 &1*+(,:#1.+. /<&1&8/# 2()?#1#. 
5)<#*+& 2#(&D#(1&7 /("1&7 *,-)"., /)$# *, 1.$8#3%& ,0()/ .:2,+.?&$. 
#/*+(#:&+#+., -.1.* 2(#-*+."@.$, "#<&/& 0-(."*+"#1& 2()'<#:. H)"& 2)-.?& ) 
#D&/.*1)*+& & '#0'#-)*+& +#(.2&$*/&7 &1+#("#1?&$. /)- &1.8# )*/,-1&7 *.01.9., 
2(#-*+."@.$, "(#-.1 1.,81& -)2(&1)* ./+,#<1&: &*+(.A&".9&:.. H."#-#1. 
*.01.9. *"././) &*+&8, *"# "#%, )2(."-.1)*+ 2(&:#1# 456 /.) -)-.+1# 
2()?#-,(# , */<)2, 2()+#+&8/# (#7.'&<&+.?&$# 2.?&$#1.+. *. .:2,+&(.1&: 
#/*+(#:&+#+):, 3+) '& +(#'.<) 2)+"(-&+& -.@&: &*+(.A&".9&:. , 







!" #$%#&' $&()" *+,#-(%#) ' #&#. $/'0*.* 1#-(1# *+&($/* $,(0(2( 
+"34'53(: 
1. 6"%/#1$3* 7#, $( %" 89*.(1' 5(:2( ."&4"# ' (3$8(9*1(%/",%#.
)9'8* ' #0%#$' %" *$8*/"%*3( *+ 3#%/9#,%( )9'8(. !"3#% 
(3$8(9*1(%/",%#) 8(9*#0" ' (3$8(9*1(%/",%#. )9'8* .( 0#:,# 0# 
$/"/*$/*53* +%"5".%#) $1";(;" '5($/",#$/* <"%/#1$3#) 7#,", 8" $( %" 
#/8'$/' <"%/#1$3* 7#, ."&4"# 89*7,*-%# '.(0%"5(%# ' #7( )9'8(, :/# 
+%"5* 0" .( /9(/1"% =>? 89"3/*5%# 0#&(# 0# $1";(;" <"%/#1$3#) 7#," 
2. !" 89*.(1' %*.( 7*,# $/"/*$/*53* +%"5".%( 9"+,*3( '
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Objective. Hyperbaric oxygen (HBO) 
has been widely used in people with 
diseases that cause limb amputation but 
studies that target patients who 
underwent amputation itself are rare. 
The aim of our study was to investigate 
the effects of HBO on prosthetic 
rehabilitation in patients with unilateral 
lower limb amputation. 
Methods. The study included 60 
patients with unilateral (left or right 
side) lower limb amputation, mean age 
61.6 ± 11.5 years, of both genders. 
They were divided into two groups, the 
experimental group (with HBO) and 
the control group (usual care). Patients’ 
functional skills after amputation were 
evaluated using the LCI test 
(Locomotor Capabilities Index) and 
with the classification of Narang and 
Pohjolainen. 
Results. Clinical characteristics of 
patients had relatively homogeneous 
distribution. After the therapy, a 
control measurement of both groups 
showed significantly higher values for 
LCI test (p <0.01) and lower values for 
Narang score (p <0.01). However, 
improvements were more prominent in 
the group of patients who underwent 
HBO therapy, therefore, these subjects 
in the control measurements were 
evaluated with a statistically significant 
lower Narang score (p <0.05) and had 
134 
higher LCI score than the control 
group patients. 
Conclusion. HBO is a useful 
therapeutic measure in the 
rehabilitation of people with limb 
amputation who use prosthetic limbs. 
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